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INTRODUCTION. 



With the spread of teclinical education, which is such a 
feature in the present century, scarcely a household but 
has its more or less pretentious workshop, in which the 
mechanical and scientific tastes of the boys can be developed 
and made useful. No better way of keeping idle hands 
from mischief can be imagined, and there is always a charm 
about home-made knicknaoks, and a satisfaction in doing 
one's own repaii*s about the dwelling, that quite atone for 
any little defects that a professional eje might discover. 
As aid books to such industrious amateurs, and by no means 
to be despised even by the trained mechanic. Workshop 
liECEiPTS have enjoyed a wide reputation for close on a 
quarter of a century. Of handy size, well indexed, and 
fully illustrated, they comprise in themselves a complete 
technical library at a very low cost. In adding a Fifth 
volume, the range of subjects has been widened, and the 
information conveyed in earlier volumes has been supple- 
mented by the results of most recent investigations and 
experiments, thus bringing the whole series well up to date. 
In the matter of illustrations this last addition to their 
number is specially liberal. 
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Diamond Cutting and 
Polishing. 

Vert little is known by the mechanic, 
of the real process of transforming a 
rough and apparently worthless-looking 
pebble into a stone of the greatest 
brilliancy and lustre. The change 
wrought in the stone as it passes 
through the cutter's and the polisher's 
hands is the result of a tedious, difficult, 
and dirty process. It is remarkable 
that the purest diamond, though 
perfectly colourless, when reduced to 
powder, is always of a black or black- 
gray colour. In all the operations 
through which a diamond passes the 
utmost skill and judgment are required, 
every detail, even from the preparation 
of the tools to the finishing whirl of the 
polishing wheel, demanding a thorough 
acquaintance with the nature of the 
stone. As scarcely two stones are alike 
in shape, it necessarily follows that a 
different treatment, more or less varied 
according to circumstances, is required 
in polishing each stone. Thus, the 
excellence of workmanship depends 
entirely upon the good judgment and 
skill of the polisher. It is in some cases 
years before a man can be entrusted 
with valuable stones, and the difficulties 
which an apprentice experiences in 
learning his trade are so many that it 
is not surprising that, unlike other 
mechanical pursuits, the supply of 
labour is scarcely ever above that of the 
demand. The slightest error on the 
part of the operator may utterly destroy 
the value of a stone, hence men of 
known experience and skill are always 
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in request. The wages of a diamond 
polisher are far above those of any other 
mechanical pursuit, ordinary polishers 
and cutters earning when in full work 
from 8/. to 10/. a week. But as each 
workman is paid per carat and not a 
weekly wage (except the apprentices or 
lads), a man's income generally depends 
upon his industry and energy. 

The art of diamond cutting was 
almost a secret, or very little understood 
till the year 1476, when one Bergheim, 
a resident of Bruges, introduced the 
practice of using diamond powder for 
forming and polishing the facets. 
Holland for many years enjoyed the 
entire monopoly of the trade, and to 
this day Amsterdam is the great centre 
of the industry. And although this 
monopoly has for some years been 
broken by the establishment in I^ndon 
and elsewhere of workshops, yet Holland 
still continues to supply both the 
workmen and their tools. The latter 
are somewhat roughly made, and might 
be largely improved upon, although 
there can be no question of their adapt- 
ability to the work. It is owing no 
doubt to the small demand in England 
for the machinery and implements for 
this special industry which has caused 
the total neglect in their manufacture 
by English mechanicians. At present 
the demand would certainly not pay for 
their manufacture, but the attention of 
practical men might well be turned to 
the improvement of the appliances used 
by diamond cutters and polishers. 
While Holland and the Dutch have kept 
the trade in their own hands, it, is the 
Dutch Jews that Holland has to thank 
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for this exclusive industiy. The trade 
is almost entirely in the hands of this 
indastrions people. It is owing to their 
characteristic energy and perseverance 
that the trade has so largely developed. 
To be a good workman one must be 
steady, doggedly persevering, temperate, 
industrious, and painstaking, and these 
qualiHcations are generally found among 
the descendants of the ancient race. 
They are therefore well adapted by 
nature for the tedious process of diamond 
polishing, and they have contrived to 
keep it in their hands for centuries. 
Hatton Garden appears to be not only 
the centre of the London trade, but also 
the mart for the sale and purchase of 
the finished gems. 

The first process is what is called 
" cutting " the stone — albeit this 
cutting is really rubbing. When in its 
rough state, the stone presents a rugged 
appearance, shapeless, and full of sharp 
angularities. It is the cutter's work 
to reduce the indefinable pebble to 
something like shape and form, and 
thus render the work of polishing easier 
and more expeditious. Should the 
diamond possess flaws — that is, spots 
which militate against its commercial 
value — recourse is had to cleaving, in 
which operation these flaws are removed 
without decreasing to any considerable 
extent the size or value of the stone. 
Cleaving is effected by means of a small 
knife tapped lightly with a hammer. 
To successfully cleave a diamond the 
utmost care is necessary, and the cleaver 
must be thoroughly acquainted with 
the fibre of the stone. To an outsider 
there is no such thing as a fibre to a 
diamond; to the cleaver there is, and 
unless the knife is placed in one certain 
position the whole stone is likely to be 
spoilt. The diamond is, by means of a 
certain kind of cement, which rapidly 
hardens when cooling, fixed to the end 
of a stick termed the ** snyder's ** or 
cutter's stock (Fig. 1). This stock is 
fastened in a sort of vice, and the 
cleaver, placing his knife on the edge 
containing the flaw, gives it a gentle 
tap with a hammer, and the piece is at 
once divided in a similar way to the 



cleaving of slate. But it is only when 
a stone contains these flaws that cleaving 
is resorted to, so that practically the 
first operation is that of cutting. This 
is effected by placing two stones to be 
cut each in a snyder's stock, as before 
described, with the rough edges of the 
stone to be cut so fixed that the edge of 
the one may easily be rubbe 1 against 
the edge of the other. This is a very 
laborious and tiring work, and the 
cutter is compelled to wear thick 
leather gloves. £ven this precaution 
does not prevent the rapid growth of 
corns on the hands and fingers. The 
rubbing is done over a small brass box 
A (Fig. 2), which has a double bottom, 
the one above being pierced with 
numberless minute holes, through 
which the powder as deposited from 
the rubbing falls into the lower box. 
This powder is carefully preserved, ami, 
mixed with the finest Lucca oil in the 
propoi*tion of 30 drops of oil to the 
carat of powder, is afterwards used to 
polish the stones. In order to facilitate 
the work, the cutter rests the two 
stocks against two pins B, Xtrhich act as 
a sort of fulcrum. When all the rugged 
irregularities of form have been removed 
by the cutter, the stone is handed to 
another workman, who proceeds to fix 
it by means of molten lead in an instru- 
ment called the "dop," which is in 
form similar to the acorn. To the cup 
is attached a length of thick but re- 
markably pliable copper wire, specially 
prepared in Holland for this purpo.se 
(Fig. 3). The cup being filled with 
lead, the diamond is inserted at the 
apex of the little mound of lead in the 
position required by the polisher. The 
height and size of the mould depends 
upon the nature of the stone, some 
requiring a high and well-defined apex, 
others almost a globe. The dop is 
handed to the polisher, who proceeds to 
place it in the tongue (Fig. 4). The 
wheel upon which the stones are 
polished or ground is the ordinary 
lapidary's wheel, but much more care 
is required in its preparation. There is 
a class of workmen who do nothing else 
but prepare the wheels for the polisher. 
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A large variety of stones are required 
to reduce the surface of the wheel to 
the requisite fineness, and all these 
stones are imported, as well as ererj- 



rapidly. The tongue is fixed by means 
of two iron uprights in its proper 
position, and the surface of the diamond 
to be polished is kept pressing against 
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Diamond cutting. 



thing else connected with the trade, 
from Holland. In fixing the wheels, 
the most perfect b3lance is required, ns 
the slightest vibration may destroy a 
diamond. .The wheel is turned very 



the rotary wheel by means of a leaden 
weight placed on the broad surface of 
the tongue (Fig. 4). Before setting the 
stone on the wheel, the polisher applies 
to the diamond a small drop of the 
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powder and oil well mixed. The dast 
procured by the catting is never suffi- 
cient for the polisher's use; conse- 
quently stones of a very inferior quality, 
and of no commercial value as gems, are 
first ground to powder in the " meteer " 
or grinder (Fig. 6). This consists of a 
metal mortar A and a ramrod-like 
pestle B, which, when worked up and 
down in the same way as a churn, 
gradually reduces the stones to powder. 
The powder is thoroughly incorporated 
with the oil, and presents a thick black 
sticky appearance. But the powder, 
owing to its heavy weight, sinks rapidly, 
and it is only by constant stirring that 
the mixture is kept ready for use. The 
dop is so placed on the wheel that the 
part to be polished comes directly in 
contact with its surface. The revolving 
wheel gradually — very gradually indeed 
— wears away the surface in contact 
with it, and the polisher must use his 
judgment as to the size and form of the 
facet he wishes to produce, which, of 
course, depends upon the size of the 
stone. In all, the stone has to t>e 
polished on 62 surfaces — that is, there 
are on the largest as well as on the 
smallest diamond 62 facets. The facets 
are known as the table or .^ top, the 
cutlet or bottom, hooks or corners, 
sides, ends, end facets, a9d verstelietje 
or stars. The wheel, or, as it is termed 
in Dutch, the " skyf,'* has to be con- 
tinually repolished and ground, for 
although the wheel grinds the diamond, 
the diamond en revanche grinds the 
stone, consequently in time the surface 
of the plate is reduced to uneven rings. 
As a rule, a polisher has four stones in 
hand at once, and great care is taken in 
keeping the stones perfectly cool. The 
period of completion varies with the 
size of the diamond, some large stones 
taking weeks to polish. But the same 
care must be taken with small as with 
large stones. As no two stones are 
precisely of the same dimensions, it 
follows that the sizes of the facets also 
vary. It will be seen what care and 
judgment is required in polishing each 
burface to its requisite shape, size, and 
angle. The utmost care and skill are 



also required in placing the dop to its 
exact angle, so that^ the skyf produces 
the proper facet. * In fact, in each 
branch of the trade every workman must 
be, and is, well up in his work. Thus 
the lads who fill in the dops with lead, 
handle with their naked fingers, with 
the utmost sang froid, the hot liquid 
while even in a molten condition. The 
dust produced by the action of the 
wheel closely resembles soot — in fact, it 
is nothing but carbon. When the stone 
leaves the polisher's hands it is a bright, 
glowing, sparkling gem, and only re- 
quires setting in the article it is 
intended for. 



Labels. 

Bottle Labels. — (1) Ordinary glazed 
paper, preferably of a citron-yellow 
colour, is wiped over with a damp 
sponge, and then again allowed to 
dry. The ink used for writing the 
labels is prepared from 3 parts extract 
of logwood and 1 of bichromate of 
potissium, dissolved in 30 of water. 
After standing until it has become clear, 
the liquid is decanted from the sediment, 
and 2 parts gum arable are then added. 
When the writing has become dry, the 
label is affixed to the receptacle by 
means of a glue-paste, prepared by 
pouring a boiling solution of carpenters' 
glue into a cold prepared paste made 
from wheat-flour and water. When 
the label has become dry, it is brushed 
over twice with the same glue-paste, 
the second application being delayed 
until the first is dry. Finally the 
label is varnished over with damar 
varnish containing 10 per cent, of 
Canada balsam. (R. Triest.) 

(2) Affix a common paper label and 
let it dry; then heat the label (by a 
Bunsen burner of very small flame) till 
it will just melt paraffin rubbed on it. 
The label is absolutely protected, and 
looks as if it were enamelled on the 
glass. If the neck and lip of the bottle 
and the stopper, are similarly treated, a 
perfect airtight joint is secured and the 
stopper never sets, while liquids can be 



LABELS. 



poured out without running down the 
sides. 

(3) Brush the paper labels with 
thin size, and afterwards with the 
ordinary photographers' spirit vamish, 
or with common white hard varnish, 
applied before the fire. Or yon can 
paint the name direct on the glass with 
Bate's black (a superior kind of Bruns- 
wick black), sold by the photo, dealers. 
A simple waterproof cement for labels 
is made by stirring linseed-oil into hot 
glue, 1 pai*t oil to 3 or 4 of glue, which 
should, of course, be previously soaked 
and dissolved in water to about the 
consistency used by carpenters. 

(4) Paper labels, attached in the 
usual manner, and, when dry, varnbhed 
over with 2 or 3 coats of good copal 
varnish, will be found to resist almost 
all chemicals except liquor potassse and 
liquor sodse. 

(5) Glass Labels. — ^When, as will 
sometimes occur in sudden change of 
weather, or from age, glass bottle- 
kbels drop off, leaving the resinous 
layer, together with the lettering, 
adherent to the bottle, they may again 
be fastened by painting the glass and 
label with concentrated solution of 
white shellac, and holding the glass in 
place for a few days by means of an 
elastic band. 

(6) Removal of Encaustic Letters. — 
The signatures, letters, numbers, &c., 
upon porcelain vessels may be removed 
without injury to the glazing, by pro- 
tracted polishing with a piece of pumice 
moistened with concentrated hydro- 
chloric acid. The removal is facilitated 
by previously exposing the signatures 
to the vapours of hydrochloric acid. 

(7) Label Varnish. — One of the best 
label varnishes is the following : — 

Sandarac (in coarse powder) 100 parts. 
Mastic „ „ . . 40 „ 

Copailia 15 „ 

Venice turpentine . . . . 30 „ 
Oil of turpentine , . . . 40 „ 

Alcohol 90 „ 

Absolute alcohol 90 „ 

Macerate until solution is effected. 

(8) Writing pn Glj|ss with Coipmon 



or Indian Inks. — Warm the glass to 
120-140° F., until vapour is no longer 
deposited. Then bathe the surface 
with the following varnish, moving 
the plate as when applying collodion 
in photographic work. The varnish 
consists of 80 grams 95 per cent, 
alcohol, 5 grams mastic in sheets, and 
8 grams damar. The solution is made 
in a firmly-corked bottle on the water- 
bath, and then filtered. This varnish 
is very hard, brilliant, and transparent. 
Drawings in common or Indian ink can 
be made on this surface ;' after comple- 
tion, a thin layer of gum is added. This 
method can be used for marking bottles, 
designs for projecting on a screen, or 
for photographic purposes. 

(9) A liquid for etching on glass has 
recently been introduced into commerce, 
and can be used with an ordinary pen. 
It consists of hydrofluoric acid, ammo* 
nium fluoride, and oxalic acid, and is 
thickened with barium sulphate. A 
better ink is obtained as follows : Equal 
pai*ts of the double hydrogen ammo- 
nium fluoride and dried precipitated 
barium sulphate are ground together 
in a porcelain mortar. The mixture 
is theh treated in a platinum, lead, 
or gutta-percha dish with fuming 
hydrofluoric acid, until the latter 
ceases to react. (J)ingL Polyt.) 

Fhnt Labels. — (1) In transplanting 
spring shoots, as well as in sowing 
seeds, the gardener often feels the 
need of a convenient label, that will 
withstand the rain and not get soiled 
with the mud. A writer in the Ger- 
man Diamond recommends the use of 
glass tubes, in which the paper labels 
can be slipped, and the tube corked or 
sealed. The tubes should be 8 in. long, 
and have an interior diameter of J in., 
and be made of quite thick glass. For 
house plants and conservatories, elegant 
labels can be made from wider and 
shorter tubes, open at both ends, one 
being closed with a cork, from which 
the label is suspended by a thread or 
wire passed through the cork, the 
other end being used to hang the tube 
on a branch of the tree or shrub. 

(2) To Fasten Labels pu Metal^Tr 
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The following composition is recom- 
mended : — 



Huciloge of ti'flgacanth 10 parts. 

Honey 10 

Flour 1 






(3) Attaching Labels to Tin, Zinc, 
or Glass. — Water-glass (solution of 
silicate of soda) is recommended as a 
very good adhesive for this purpose, 
particularly if the articles are subse- 
quently liable to be exposed to heat. 
Metallic surfaces should first' be rubbed 
with emery paper before applying the 
paste ; the label is then pressed on with 
the hand. {Drog. Zeit.) 

(4) Writing on Metals.— Take 1 lb. 
nitric acid and 1 oz. muriatic acid. 
Mix and shake well together, and it is 
ready for use. Cover the plate you 
wish to mark with melted beeswax ; 
when cold, write your inscription 
plainly in the wax clear to the metal 
with a sharp instrument. Then apply 
the mixed acid^ with a feather, care- 
fully filling each letter. Let it remain 
1-10 hours, according to the appear- 
ance desired, throw on water, which 
stoj^s the ' process, and remove the 
wa: 



LkBORATORY APPARATUS. 

Condmser^-^lhls. condenser 
(Fig. 7) is much more compact, and is 
equally as effective as the ordinary form. 
Much valuable space is saved, which the 
chemist may use to better advantage, 
a is a tube about 2f in. diameter, and 
20-24 in. long. 6 is a tube If in. 
diameter, closed at the upper end. 
This tube is fitted to the large tube by 
a thick heavy cork soaked in melted 
paraffin. The tube e, which reaches 
nearly to the bottom of the condenser, 
serves as an Jnlet for cold water, and / 
the outlet for the heated water. The 
tube c, connected with the flask g, 
carries the hot vapours to the con- 
denser, where they are condensed and 
delivered by the tube d to any suitable 
receiver. The tube c, which is con- 
nected with a cork to the condenser, 



should pass up 2-3 in. beyond the cork 
to prevent the condensed vapours from 
passing back into the retort flask. 

If properly constructed this condenseif 
is very effective. Very little trouble 
will be experienced by the vapours con<« 
densing in c^ and running back; so 
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Llebig condenser. 



little surface is exposed to the cold 
atmosphere and cork connection. The 
vapours condensing in 6 run down the 
walls of the tube, and are completely 
delivered by the smaller tube d. 

This condenser is admirably adapted 
for the distillation of nearly all liquids 
of low boiling points, which do not 
form explosive vapours, to come in con- 
tact with the flame under the flask g. 
However, highly volatile liquids like 
the ethers may be safely distilled by 
screening the receiver from the heat of 
the flame, and by connecting with the 
receiver a safety tube delivering the 
vapours escaping out of a window, or 
through a partition into an adjoining 
room. 
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I usually employ as a safety con- 
nection, in the distillation of highly 
Yolatile and combustible liquids, a tube 
connected with the receiver, the ex- 
treme end of which dips under mercury, 
covered with a layer, 1 in. deep, of oil 
of a suitable character. This arrange- 
ment I have found perfectly safe ; any 
escaping vapours are absorbed by the 
oil. (Chas. B. Gibson.) 

Safety Valve for Extraction Appa- 
ratus (Fig. 8).- — Used very successfully 
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Safety ralve for extraction apparatus. 

when it is desirable to run the extrac- 
tion for some hours, at the same time 
the attention being devoted to other 
work. The tube a is connnected with 
the Liebig as shown, and with the 
flask 6, which is loaded with mercury, 
and immersed in a vessel of cold water. 
Another tube passes from b into c, 
which is partly filled with mercury 



and oil. This apparatus is perfectly 
safe, as any vapours of the ether or 
benzine, which may not become con- 
densed in the Liebig and flask b, will 
surely be absorbed by the oil in c. I 
have run this apparatus continuously 
for 24 hours, and have scarcely been 
able to detect even the smell of ether at 
c. I have no fear of accidents, even 
with high heat from a Bunsen burner, 
when these precautions are taken. 
(Chas. B. Gibson.) 

Wire Apparatus for Laboratory Use, 
— ^Before the year 1351 everything 
known as wire was hammered out by 
hand, but at that date or thereabout 
the art of wire drawing was invented. 
Since then the art has been developed 
and expanded, so that at the present 
time wire drawing is a leading in- 
dustry, and we have wire of every size 
and shape made from all the ductile 
metals, and used in an infinite number 
of ways. 

It is not my purpose to enter into an 
extended treatise on wire, but simply 
bring to the notice of the reader several 
new as well as some well known forms 
of laboratory appliances made of wire ; 
and while I am conscious that this 
subject is by no means exhausted, I 
believe that the few examples of wire 
apparatus for the laboratory given in 
Figs. 9, 10, will not only be found useful, 
but will prove suggestive of other 
things equally as good. I have found 
wire invaluable for these and kindred 
purposes, and have often made pieces of 
apparatus in the time that would be 
required.to order or send for them, thus 
saving a great deal of time, to say 
nothing of expense, which is no incon- 
siderable item in matters of this sort. 

It is perhaps unnecessary to describe 
fully in detail each article represented, 
as an explanation of the manipulations 
required in forming a single piece will 
apply to many of the others. 

For most of^he apparatus shown, some 
unoxidisable wire should be selected, 
such as brass or tinned iron, and the 
tools for forming these articles of wire 
consist of a pair of cutting pliers, a pair 
of flat and a pair of round-nosed pliers, a 
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Wire apparatTis for laboratory i^e. 
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few cylindrical mandrels of wood or metal, 
made in different sizes, and a small 
bench vice. Anj or all of the articles 
may be made in different sizes, and of 
different sizes of wire for different pur- 
poses. 

A shows a pair of hinged tongs, 
which are useful for handling coals 
about the furnace, for holding a coal or 
piece of pumice for blowpipe work, and 
for holding large test tubes and flasks, 
when provided with two notched corks, 
as shown in B and 0. These tongs are 
made by first winding the wire of one 
half around the wire of the other half 
to form the joint, then bending each 
part at right angles, forming on one 
end of each half a handle, and upon the 
other end a ring. By changing the 
form of the ring end the tongs are 
adapted to handling crucibles and 
cupels and other things in a muffle. 

C shows a pair of spring tongs, the 
construction of whicJi will be fully 
understood without explanation. It 
may be said, howeyer, that the circular 
spring at the handle end is formed by 
wrapping the wire around any round 
object held in the rice ; the rings at the 
opposite end are formed in the same 
way. The best way to form good 
curves in the wires is to bend them 
around some suitable mandrel or form. 

D shoyvs a spring clamp for holding 
work to be soldered or cemented. It 
may also be used as a pinch cock. 

E represents a pair of tweezers, 
which should be made of good spring 
wire flattened at the ends. F is a 
clamp for mounting microscope slides, 
and for holding small objects to be 
cemented or soldered. G is a pinch 
cock for rubber tubing; its normal 
position is closed, as in the engraving, 
but the end a is capable of engaging 
the loop by so as to hold the pinch cock 
open. H shows a clamp or pinch cock 
having a wire c hooked into an eye in 
one side, and extending through an eye 
formed in the other side. This wire is 
bent at right angles at its outer end to 
engage a spiral d, placed on it and 
acting as a screw. The open spiral is 
re^il^ forp^ed ty wriipping two wifes 



parallel to each other on the same 
mandrel, and then unscrewing one 
from the other. The handle will 
of course be formed by aid of pliers. 
I shows still another form of pinch 
cock. It is provided with two thumb 
pieces, which are pressed when it is 
desired to open the jaws. E is a tripod 
stand, formed by twisting 3 wires 
together. This stand is used for sup- 
porting various articles, such as a sand 
bath or evaporating dish, over a gas 
flame. It is also useful in supporting 
charcoal in blowpipe work. 

L shows a stand adjustable as to 
height for supporting the beak of a 
retort, or for holding glass conducting 
or condensing tubes in an inclined posi- 
tion. The retort or filter stand, repre- 
sented in M, is shown clearly enough to 
require no explanation. Should the 
friction of the spiral on the standard 
ever become so slight as to permit the 
rings to slip down, the spirals may be 
bent laterally, so as to spring tightly 
against the standard. N shows an 
adjustable test tube holder, adapted to 
the standard shown in M, and capable 
of being turned on a peculiar joint, so 
as to place the tube in any desired 
angle. The holder consists of a pair of 
spring tongs, having eyes for receiving 
the notched cork, as shown in 0. One 
arm of the tongs is corrugated to retain 
the clamping ring in any position along 
the length of the tongs. The construc- 
tion of the joint by which the tongs 
are supported from the slide on the 
standard is clearly shown in Oa. It 
consists of two spirals y h, the spiral 
h being made larger than the spiral //, 
and screwed over it, as shown in 0. 
This holder is very light, strong, and 
convenient. 

P represents a holder for a magnifier, 
which has a joint, /^, similar to the one 
just described. The slide k is formed 
of a spiral bent at right angles and off- 
set to admit of the two straight wires 
passing each other. This holder may 
be used to advantage by engravers and 
draughtsmen. Q shows a holder for a 
microscope condenser, the difference 
between this ^d P being th||t the ring 



LABORATORY APPARATUS. 




WIro BppirstUB for kbcrotory aat. 



lABORATORY APPAEATUS. 



11 



is made doable to receive an unmounted 
lens. 

R shows a Bunsen burner, formed of 
a common burner, having a surrounding 
tube made of wire wound in a spiral, 
and drawn apart near the top of the 
burner to admit the air, which mingles 
with the gas before it is con- 
sumed at the upper end of the 
spiral. 

S represents a connector for 
electrical wires, which eiplains 
itself. The part with a double 
loop may be attached to a fixed 
object hj means of a screw. 
Another electrical connector is 
shown in T, one part of which 
consists of a spiral having an 
eye formed at each end for re- 
ceiving the screws which fasten 
it to its support, the other part 
is simply a straight wire having 
an eye at one end. The con- 
nection is made by insei*ting the 
straight end in the spiral. To 
increase the friction of the two 
parts, either of them may be 
curved more or less. 

A microscope stand is shown 
in II. The magnifier is sup- 
ported in the ring o. The ring 
p supports the slide, and the 
double ring q receives a piece 
of looking glass or polished 
metal, which serves as a re- 
flector, 

V shows a set of alumi- 
nium grain weights in common 
use. The straight wire is a 
1 gf. weight, the one with a 
single bend is a 2 gr. weight, 
the one having two bends and 
forming a triangle is a 3 gr. weight, and 
80 on. W and X are articles now lite- 
rally turned out by the million. It is a 
great convenience to have one of these 
inexpensive little corkscrews in every 
cork that is drawn occasionally, thus 
saving the trouble of frequently insert- 
ing and removing the corkscrew. The 
cork puller shown in Y is old and well 
known, but none the less useful for re- 
moving corks that have been pushed 
into the' bottle, and for holding a cloth 



or sponge for cleaning tubes, flasks, 

&c. 

Z shows a stand for test tubes. The 
wire is formed into series of loops, and 
twisted together at r to form legs. A 
very useful support for flexible tubes is 
shown in J. It consists of a wire 
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Wusb-lottle. 

formed into a loop, and having its ends 
bent in opposite directions to form 
spirals. A rubber tube supported by 
this device cannot bend so short as to 
injure it. Most of the articles de- 
scribed above may be made to the best 
advantage from tinned wire, as it 
possesses sufficient stiffness to spring 
well, and at the same time is not so 
stiff as to prevent it from being bent 
into almost any desired form. Besides 
this the tin costing protects the wire 
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from corrosion and gives it a good 
appearance. (Geo. M. Hopkins.) 

Wa8?i-bottle, — By this simple device 
(Fig. 11) the washing of precipitates 
and the cleansing of vessels used in 
the process of analysis, which before 
required the use of the ordinary wash- 
bottle, can now be done with much 
more facility and in a shorter time. It 
consists essentially of a thin glass flask 
C, placed about 3 ft. above the level of 
the working desk, and closed by a 3 hole 
rubber stopper. Through one of the 
holes issues a rubber tube D (or glass 
with rubber connections), descending to 
the desk and ending in a 'glass nozzle. 



12. 



13. 



A Bunsen burner H is placed under- 
neath the flask, and the water can be 
heated when it is so desired. Hot 
water as well as cold can thus be used 
in treating precipitates. Other solutions 
can be employed equally as well as 
water. (See bottle F.) 

The advantages of this system are : 

1. The saving of mu«h time and 
consequent labour attending the use of 
an ordinary wash-bottle, especially where 
several analyses are carried on at the 
same time, the exertions required by the 
mouth and lungs being thereby avoided. 

2. No air exists in the tube, as in 
an ordinary wash-bottle, and con* 
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Combined water-bath, percolator, and still. 



Connection is made by a second hole in 
the stopper with a reservoir bottle A^ 
placed above the top of the wash-bottle. 
In the third hole is placed a glass tube 
bent at an angle to keep out dust. On 
filling the flask from the reservoir — the 
flow being stopped by a pinch cock — 
the water is started by suction from 
below, and the stream through the 
nozzle can be regulated or stopped at 
will by a pinch cock placed conveniently 
to the hand, the height of the water 
flask furnishing the pressure, which is 
^li^smned by the siphon. 



sequently the full force of the liquid is 
utilised immediately. 

3. When used with a wash solution 
of ammonia water, no trouble is experi- 
enced with free ammonia, which ordi- 
narily is quite hurtful to the mouth and 
eyes. 

The large bottle £ with the accom- 
panying tube shows a convenient ar- 
rangement for holding any solution and 
delivering the same. (H. B. Battle.) 

Water-Bath, Percolator, and Still 
Combined, — Figs. 12, 14, show Fenner's 
ppmbined apparatus which can be used 
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hB ^ Water-bath, a percolator, a still, 
and evaporator, for making tinctares, 
fluid extracts, solid extracts, infusions, 
syrups, &c., and for distilling, evaporate 
ing, &c 

Cements akd LxttEs. 

(ii. 62-111.) 

Acid-proofl— (9) See (1). This 
cement is not at all attacked by hydro- 
chloric, and but very little by nitric 
acid. When heated it softens but very 
little. It does not easily dry upon the 
surface. If this cement is mixed with 
^ of its weight of litharge, or minium, 
it dries up in the course of time, and 
becomes hard. This is known as ** Ben- 
icke's Cement." 

(10) A luting which will resist acid 
vapours and chlorine, even at a high 
temperature, and is thus applicable to 
chlorine and hydrochloric apparatus, 
may be prepared by mixing three parts 
by weight of fine dry clay with one 
part by weight of the residue left from 
the distillation of glycerine. This mix- 
ture does not lose its plastic properties 
even at a high temperature, but is not 
suited for use where it might be exposed 
to atmospheric changes, since the glyce-' 
rine which it contains absorbs moisture. 
Hence it should be prepared immediately 
before use. 

Bottle. — (12) The balsam of Tolu, 
which has been used for preparing the 
syrup, has hitherto been utilised only 
in making a varnish for pills, and it 
therefore accumulates in course of time 
to a considerable extent. A composition 
useful as bottling wax may be prepared 
by stirring into the melted balsam one- 
tenth its weight of levigated bole. It 
sets quickly, with a fine glossy surface, 
and is less brittle than the wax generally 
employed. A mixture of residual 
balsam, amber resin, of each four parts ; 
Venice turpentine, vermilion, of each 
1 part ; melted together and well 
stirred, forms sealing-wax of very fair 
quality. 

Cap.~(10) Saukm's, Make the 
following solution: — Purified resin, 7 
dr.; ether, 10 dr.; collodion, 15 dr. 



Sufficient aniline rddi Dissolve the 
resin in the ether, mix it with the collo- 
dion, and colour to taste. All that is 
necessary to apply the mixture is to dip 
the cork and the top of the bottle in it, 
turning it fbr an instant in the hand 
while the composition dries. The result 
is a semi-transparent varnish of pleasing 
appearance, especially if the cork of the 
bottle is previously sealed on top with 
sealing-wax. 

Casein. — (7) By heating milk with 
a little tartaric acid, the casein is coagu- 
lated. This casein is then treated with 
a solution containing six parts of borax 
to one hundred parts of water and 
warmed. It speedily dissolves and forms 
a very tenacious, durable, and inexpen- 
sive adhesive medium. 

Cutlers'. — (9) 16 oz. rosin, 8 oz. 
sulphur; melt, and when cool reduce 
to powder. Mix with this some fine 
sand or brick dust, and use as stated. 
(10) Take a portion of a quill, put it 
into the handle, warm the tang, and 
insei*t it into the quill in the handle 
and press it firmly. This is a simple 
method, and answers the purpose re- 
quired very well. 

Glass. — (10) Best isinglass, 1 oz., 
strong acetic acid, 3 oz. ; put in a glass 
bottle, and dissolve by standing in hot 
water. Will join glass, china, &c., &c. 
Make the edges of the pieces to be joined 
hot, and apply the fluid cement. When 
cold this cement is solid; it must be 
made hot for use. (11) Equal parts of 
wheat-flour, finely-powdered glass, and 
chalk; add half as much brickdust, 
scraped lint, and white of eggs ; mix to 
a proper consistency with water. This 
will resist heat. (12) To }-pint of milk 
put a sufficient quantity of vinegar to 
curdle it, separate the curd from the 
whey, and mix the whey with the whites 
of four eggs, shaking the whole well to- 
gether. When mixed, add a little quick- 
lime, through a sieve, until it acquires 
the consistency of a paste. This cement 
dries quickly, and resists the action of 
fire and water. 

Glass to metals. — (11) One of 
the best cements for uniting glass to 
other substances is prepared by putting 
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the very best and purest gnm arabic 
into a small quantity of water, and 
leaving it till next day, when it should 
be of the consistence of treacle. Calomel 
(mercurous chloride «r sub-chloride of 
mercury) is then added in a suitable 
quantity, enough to malce a sticky mass, 
being well mixed on a glass plate with 
a spatula. No more is to be made than 
that required for immediate use. The 
cement hardens in a few hours, but it is 
wiser to leave it to itself for a day or 
two. To ensure success it is necessary 
to use only the best gum ; inferior sorfs 
are absolutely useless. (12) Wieder- 
hold recommends a fusible metal, com- 
posed of 4 parts lead, 2 parts tin, and 2i 
parts bismuth, which melts at 212° Fahr. 
The melted metal is poured into-the 
capsule, the glass pressed into it, and 
then allowed to cool slowly in a warm 
place. (13) Cailletet describes a process 
of soldering glass and porcelain to 
metal. The glass tube to be soldered is 
first covered with a thin coating of 
platinum or silver, by treating it with 
a film of platinum chloride or silver 
nitrate, and heating to dull red. A 
ring of copper is next electro-deposited on 
the platinised tube, which can then be 
soldered lilce any ordinary metallic tube. 
Solderings effected in this manner are 
said to be very strong. The top of a 
tube attached to Cailletet's apparatus 
for liquefying gases terminates in a 
soldered end and successfully resists 
pressure over 300 atmospheres. 

Glue. — Dry. (a) Dry pocket glue 
is made from 12 parts of glue and 5 
parts of sugar. The glue is boiled until 
entirely dissolved, the sugar is dissolved 
in the hot glue, and the mass is evapor- 
ated until it hardens on cooling. The hard 
substance dissolves rapidly in lukewarm 
water, and is an excellent glue for use 
on paper. (6) Take J lb. of very best 
Scotch glue, melt it in a clean glue pot. 
When quite dissolved, pour off the clear 
part into another glue pot, add ^ pint 
boiling water, well mix. Then add 2 oz. 
best moist sugar; well mix the whole 
together, at the -same time keeping it 
quite hot. It may then be cast into 
Tnoulds, or poured gently on a marble, 



or stone, or- slab. When nearly set, cut 
into strips for use. It is ready for use 
by moistening the strips with the tongue. 
It should be kept in boxes with a little 
powdered sugar or starch. This glue 
will be found both cheap and effective. 
It is much stronger than paste or 
gum. 

Hot-water pipe joints.— (1) 
The best packing for cast-iron socket 
hot-water pipes is yarn and white and 
red lead (best white hemp yarn pre- 
ferred), used in the following manner : — 
First caulk home about one round of 
yarn, then put in a ring of red and white 
lead about f-in. diameter, then caulk 
home another round of yarn, and con- 
tinue this alternately until the socket 
is filled up to about | in., then finish off 
with wet iron borings, with a small 
quantity of sal-ammoniac in it (1 oz. 
to J cwt. is sufficient) ; let the yarn be 
in one continuous length from the com- 
mencement to finish. Some use all 
borings and sal-ammoniac, but this is not 
safe, as the rusting of the borings ex- 
pands so much that it often bursts the 
sockets of pipes. (2) 2 parts of ordi- 
nary well-dried powdered loam and 1 
part of borax are kneaded with the 
requisite quantity of water to a smooth 
dough, which must be at once applied 
to the joints. After exposure to heat, 
this cement adheres even to smooth sur- 
faces so firmly that it can only be 
removed with a chisel. (3) Mix 430 
parts in weight of white lead, 520 of 
powdered slate, 5 of chopped hemp, and 
45 of linseed oil. The two powders, and 
the hemp cut into lengths of J - -^ in. 
are mixed, and the linseed oil is gradu- 
ally added ; the mass is kneaded till it 
has assumed a uniform consistency. This 
cement is said to keep better than the 
ordinary red lead cement. 

Iron. — (18) A peraianent and du- 
rable joint can, it is said, be made between 
rough, cast-iron surfaces by the use of 
asbestos with sufficient mixed white lead 
to make a very stiff putty. This will 
resist any amount of heat, and is unaf- 
fected by steam or water. It has been 
used for mending or closing cracks in 
cast-iron retorts that were used for the 
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distil laiion of oil and gas from cannel 
coal. The heat being applied to the 
bottom of retorts and the temperature 
of iron maintained at a bright red heat, 
after a time the bottom of the retort 
would crack, the larger portion of the 
crack being downward towards the fire. 
The method employed was to prepare 
the mixture, and place on top a brick, 
then place the brick on a bar of iron or 
shoTel and press the cement upward to 
fill the crack in the iron, holding it for 
some time until it had penetrated the 
cavity, and somewhat set. Of course, 
during this operation, the cap was re- 
moved from the retort, so that no pres- 
sure of gas or oil forced the cement out- 
ward until set. (19) Stir into 1 part 
of sweet oil and 1 part of molasses, 1 
part each of barytes, Venetian red, 
litharge, and red lead, and 1^ part each 
of plumbago, Paris white, and yellow 
ochre. It takes several hours to prepare, 
but will remain plastic for years. 

liabels. — (22) Lehner publishes the 
following formula for making a liquid 
paste or glue from starch and acid : — 
Place 5 lbs. of potato starch in 6 lbs. 
(3 quarts) of water, and add } lb. of 
] ure nitric acid. Keep it in a warm 
place, stirring frequently for 48 hours. 
Then boil the mixture until it foims a 
thick and translucent substance. Dilute 
with water, if necessary, and filter 
through a thick cloth. At the same 
time another paste is made from sugar 
and gum-arabic. Dissolve 5 lb. gum- 
arabic and 1 lb. sugar in 5 lb. of water, 
and add 1 oz. of nitric acid and heat to 
boiling. Then mix the above with the 
starch paste. The resultant paste is 
liquid, does not mould, and dries on 
paper with a gloss. It is useful for 
labels, wrappers, and fine bookbinders' 
use. (23) Paper pasted, gummed, or 
glued on metal, especially if it has a 
bright surface, usually comes off on the 
slightest provocation, leaving the ad- 
hesive material on the back of the paper, 
with a surface bright and slippery as 
ice. The cheaper description of clock 
dials are printed on paper and then 
stuck on zinc; but for years the diffi- 
culty was to get the paper and the 



metal to adhere. It is, however, said 
to be now overcome by dipping the 
metal into a strong and hot solution of 
washing soda, afterwards rubbing 
perfectly dry with a clean rag. Onion 
juice is then applied to the surface of 
the metal, and the label pasted and 
fixed in the ordinary way. It is said 
to be almost impossible to separate 
paper and metal thus joined. (24) 
Dissolve 1 oz. gum tragacanth and 4 oz. 
gum-arabic in 1 pint water; strain, 
and add 14 grs. thymol suspended in 
4 oz. glycerine ; finally add water to 
make 2 pints. This makes a thin paste 
suitable for labelling bottles, wooden 
or tin boxes, or for any other purpose 
paste is ordinarily called for. It makes 
a good excipient for pill-masses, and 
does nicely for emulsions. The very 
small percentage of thymol present is 
not of any consequence. This paste 
will keep sweet indefinitely, the thymol 
preventing fermentation. It will separate 
on standing, but a single shake will mix 
it sufiiciently for use. (25) 4 oz. rye 
fiour, } oz. powdered gum acacia. Rub 
to a smooth paste with 8 oz. of cold 
water, strain through a cheese cloth, 
and pour into 1 pint of boiling water. 
Continue the heat until thickened to 
suit. When nearly cold add : — 

1 oz. glycerine, 20 drops oil cloves. 
This is suitable for tin or wooden boxes 
or bottles, and keeps sweet for a long 
time. (26) 4 oz. rye flour, 1 pint 
water, 1 dr. nitric acid, 10 minims 
carbolic acid, 10 minims oil cloves, 1 oz. 
glycerine. Mix the fiour with the 
water, strain through a cheese cloth, 
and add nitric acid. Apply heat until 
thickened to suit, and add other in- 
gredients when cooling. This is 
suitable for bottles, tin or wooden 
boxes, and will not spoil. (27) 8 parts 
dextrin, 2 parts acetic acid, 2 parts 
alcohol, 10 parts water. Mix dextrin, 
water, and acetic acid to a smooth paste, 
then add the alcohol. This makes a 
thin paste, and is well suited for 
labelling bottles and wooden boxes 
but is not suitable for tin boxes. 

l[icroscopical.—<2) According to 
Dr. L. Heydenreich of St. Petersburg, 
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the best cover-glass should be : — 1st. 
Absolutely hermetic, and should not, 
under any circumstances, require re- 
newal every year. Two or three coats 
of the cement, applied at short intervals 
after an object is mounted, should per- 
manently secure and preserve the object. 
2nd. It should be as hard as glass, or, 
if possible, harder. 3rd. It should not 
crack nor become' detached, and should 
be so solidly adherent as to be less 
likely to break than the glass to which 
it is attached ; and 4th. It should be 
insoluble in water or glycerine, or in 
any liquid used as an immersion medium 
with objectives. Notwithstanding the 
large number 'of cover-glass cements 
already known and in use, he thinks 
another should be sought for— one 
which shall conform to the foregoing 
requirements. We have commercial 
varnishes, which are very hard and 
durable. Some of them, used in the 
finishing of carriages, are found, after 
the lapse of a year, to be in the same 
condition as when first applied. The 
varnish used on tin pans in albumen 
factories remains unchanged for a year, 
although subjected daily, for many 
hours, to a temperature of 100° R. 
(257° Fahr.) These and similar 
varnishes arc made of resins, copal, or 
amber. Of all resins, amber and some 
kinds of copal are the hardest. Copal 
varnish is both hard and elastic ; amber 
varnish is harder than copal, but not 
so elastic, and is, consequently, more 
brittle ; hence, for a cover-glass cement, 
a mixture composed of both should be 
used. Only the best and clearest kinds 
of amber (the opaque pieces contain 
various kinds of minerals), and only the 
hardest kind of copal — that is, the 
East-India or Zanzibar copal — should be 
selected for cover-glass cements. Zanzi- 
bar copal is taken from the earth in 
flat, disc-shaped pieces, varying in 
dimensions from the size of a pea to 
the size of the human hand ; is colour- 
less, yellow, or of a dark red-brown 
colour, and transparent; the surface, 
rough. Bombay copal comes in larger 
pieces, is of a yellowish-red colour, has, 
when broken, a smooth, glassy surface. 



and is but very slightly inferior ill 
quality to the copal of Slanzibar. Sierra- 
Leone copal comes in small, ball-shaped 
pieces, about 1 in. in diameter, or in 
pieces resembling drops in shape. All 
the other kinds are softer than those 
just described. The best solvent for 
resin, and the one which possesses the 
most adhesive quality, is linseed-oil 
varnish, made of pure, old linseed oil. 
Neither alcohol, ether, chloroform, nor 
any other quickly evaporating men- 
struum should be used. In order to 
hasten desiccation of the resin, and to 
obtain for the cement the proper 
consistency, an ethereal oil which, upon 
drying, will leave a surface perfectly 
even, should be added to the mixture ; 
and oil of lavender, either alone or 
mixed with linseed -oil varnish, is 
suitable for these purposes. The resins 
being thus dissolved in linseed-oil 
varnish until the solution attains the 
consistency of syrup, oil of lavender 
should be added until the mixture 
becomes thin enough to use in mount- 
ing microscopical objects — and the 
cement is finished. The property of 
adhering to glass is increased in the 
cement by adding to it a small quantity 
of cinnabar ; but such addition causes 
it to dry less rapidly. In a week from 
the time of using it the cement becomes 
dry, and so firm that the finger-nail 
will make but a slight impression on 
it. For months it remains in this 
condition. At the expiration of a 
year it is very hard, and has a glassy 
surface. 

So much for the component parts. 
The preparation of this cement being 
somewhat difficult it would perhaps be 
advantageous to buy the varnishes ready 
made, and then proceed as follows :— > 
taking equal parts of the best, clearest, 
and hardest amber-varnish and copal- 
varnish, mix them and heat until all 
the turpentine has disappeared. This 
will require a temperature of 100° to 
150^ R. (257°-370° Fahr.). As soon as 
all the turpentine has evaporated, re* 
move the dish from the flame, allow it 
to cool somewhat, and then add oil of 
lavender to the liquid in proportion of 
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} to 1 ; mix well, and allow the entire 
mass to cool thoroughly. The process 
is terminated by adding from 20 per 
cent, to 40 per cent, of artificial cinnabar 
(rosin with cinnabar), which should be 
very carei'uUy and thoroughly rubbed 
in. The best method for rubbing in the 
cinnabar is that employed in the pre- 
paration of fine oil-paints. Should the 
cement when finished be too thick for 
use, as much oil of lavender as will give 
the required fluidity may be added. 
The component parts and their propor- 
tions would then be as follows : — 

Amber 25 parts 

Copal 25 „ 

Linseed-oil varnish ..50 „ 
Oil of lavender ., .. 50-60 



Artificial cinnabar 



40-60 






Dr. Heydenreich continues his article 
by describing the manner in which the 
cement should be ap})lied, but as his 
method is the same as that employed in 
the use of Canada balsam and other 
cover-glass cements, and, consequently, 
familiar to all microscopists, it is not 
necessary to make a note of it. However 
he advises, in order to secure a perfect 
mount, that a second ring be made after 
the first or second week from the time 
of mounting ; and a third, after the first 
or second month ; each additional ring to 
be slightly wider than the preceding one. 

Rubber to xnetal. — For cementing 
rubber or guttapercha to metal, Moritz 
Grossman, in his « Year Book " for 1883, 
gives the following receipt : — Pulverised 
shellac, dissolved in ten times its weight 
of pure ammonia. In three days the 
mixture will be of the required consist- 
ency. The ammonia penetrates the 
rubber and enables the shellac to take a 
firm hold, but as it all evaporates in 
time, the rubber is immovably fastened 
to the metal, and neither gas nor water 
will remove it. 

Rubber and Guttapercha.— (a) 
In making a cement one should know 
pretty thoroughly what is to be ex- 
pected of it before they could advise 
upon it. For instance, an ordinary 
rubber cement will hold on a host of 
different surfaces and with the best 
5 



of success, except where there is con- 
tinued dampness. For holding to damp 
walls, or surfaces where there is a con- 
stant pressure of moisture there is 
nothing equal to Jeffrey's marine glue, 
the formula for which has been pub- 
lished and republished all over the 
world. It consists of — 1 part rubber, 
12 parts coal tar, and 2 parts asphal- 
tum. The rubber, after having been 
massed, is dissolved in the undistilled 
coal tar, and the asphaltum is then 
added. This glue, as its name indi- 
cates, is oftentimes used for mending 
articles at sra, or patches, for instance, 
that are to be laid on surfaces that are 
to be under water, and it has been 
found to be a most excellent thing. 

(6) Of glass cements there are ft 
great many, rubber as a rule being 
dissolved in some very vo!atile solvent 
and some hard drying gum is added. 

(c) A guttapercha cement for leather 
is obtained by mixing the following. 
It is used hot. Guttapercha, 100 
parts; black pitch or asphaltum, 100 
parts; oil of turpentine, 15 parts. 

(d) An elastic guttapercha cement 
especially useful for attaching the soles 
of boots and shoes, as on account of its 
great elasticity it is not liable to break 
or crack when bent. To make it ad- 
here tightly, the surface of the leather 
is slightly rougheued. It is prepared 
by dissolving 10 parts guttapercha in 
100 of benzine. The clear solution 
from this is then poured into another 
bottle containing 100 parts linseed oil 
varnish and well shaken together. 

(e) Good rubber cement for sheet 
rubber, or for attaching rubber, mate- 
rial of any description or shape to 
metal, may be made by softening and 
dissolving shellac in 10 times its weight 
of water of ammonia. A transparent 
mass is thus obtained, which, after 
keeping 3 or 4 weeks, becomes liquid, 
and may be used without requiring 
heat. When applied, it will be found 
to soften the rubber ; but when the 
ammonia has evaporated, it forms a 
kind of hard coat, and causes it to be- 
come impervious to gases as well as 
liquids. 
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(/) Davy's universal cement is made 
by melting 4 parts common pitch with 
4 of guttapercha in an iron vessel, and 
mixing well. It must be kept tiuid, 
under water, or in a dry, hard state. 

(g) A very adhesive cement, espe- 
cially aiapted for leather driving belts, 
is made by taking bisulphide of carbon 
10 parts, oil of turpentine 1 part, and 
dissolving in this sufficient gutta- 
percha to form a paste. The manner 
of using this cement is to remove any 
grease that may be present on the 
leather by placing on the leather a 
piece of rag and then rubbing it over 
with a hot iron. The rag thus absorbs 
the grease, and the two pieces are then 
roughened and the cement lightly 
spread on. The two pieces are then 
joined, and subjected till dry to a slight 
pressure. 

(A) A solution of guttapercha for 
shoemakers is made by taking pieces of 
waste guttapercha, first prepared by 
soaking in boiling water till soft. It is 
then cut into small pieces, placed in a 
vessel, covered with coal tar oil, tightly 
corked to prevent evaporation, and 
allowed to stiind for 24 hours. It is 
next melted by standing in hot water 
till perfectly fluid, and well stirred. 
Before using it must be warmed as 
before, by standing in hot water. 

(i) A cement for uniting rubber is 
composed as follows : 100 parts finely 
chopped rubber, 15 of resin, 10 of 
shellac; these are dissolved in bi- 
sulphide of carbon. 

(j) Another rubber cement is made 
of 15 gr. rubber, 2 oz. chlorofonn, 
4 dr. mastic ; first mix the rubber and 
chloroform together, and when dis- 
solved the mastic is added in powder. 
It is then allowed to stand by for a 
week or two before usins:. 

(k) Cement for sticking on leather 
patches and for attaching rubber soles 
to boots and shoes is prepared from 
virgin or native rubber, by cutting it 
into small pieces or shredding it up ; a 
bottle is filled with this to about 
1-1 0th of its capacity ; benzine is then 
poured on till about ^ full, but be 
certain that the benzine is free from 



oil. It is then kept till thoroughly 
dissolved, and of a thick consistency. If 
it turns out too thick or thin, suitable 
quantities mast be added of either 
material to make as required. 

(0 An elastic cement is made by 
mixing together and allowing to dis- 
solve the following : 4 oz. bisulphide of 
carbon, 1 oz. fine rubber, 2 dr. isin- 
glass, ^ oz. guttapercha. This cement 
is usea for cementing leather and 
rubber, and when to be used the leather 
is roughened and a thin coat of the 
cement is applied. It is allowed to 
completely dry, when the two surfaces 
to be joined are warmed and then placed 
together and allowed to dry. 

(m) Cement used for repairing holes 
in rubber boots and shoes is made of the 
following solution : (1) Caoutchouc 10 
parts, chloroform 280 paints. This is 
simply prepared by allowing the 
caoutchouc to dissolve in the chloro- 
form. (2) Caoutchouc 10 parts, resin 
4 parts, gum turpentine 40 parts. 
Fcr this solution the caoutchouc is 
shaved into small pieces and melted up 
with the resin, the turpentine is then 
added, and all is then dissolved in the 
oil of turpentine. The two solutions 
are then mixed together. , To repair 
the shoe with this cement, first wash 
the hole over with it, then a piece of 
linen dipped in it is placed over it ; as 
soon f^s the linen adheres to the sole, the 
cement is applied as thickly as required. 
{Chem. Trade Jl.) 

Stone.— (3). The following metallic 
cement for repairing broken stone was, 
according to Professor Brune, of the 
School of Fine Arts, used in the resto- 
ration of the colonnade of the Louvre, 
of the Pont Neuf, and of the Conserva- 
toire des Arts et Metiers. It consists 
of a powder and a liquid. The powder : 
— 2 parts by weight of oxide of zinc, 2 of 
crushed grit, the whole intimately mixed 
and ground. Ochre in suitable pro- 
portions is added as a colouring matter. 
The liquid : — A saturated solution of zinc 
in commercial hydrochloric acid, to 
which is added a quantity by weight, of 
hydrochlorate of ammonia equal to one- 
sixth that of the dissolved zinc. This 
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liquid is diluted With two-thirds of its 
bulk of water To use the cement, 1 lb. 
of the powder is to be mixed with 2} 
pints of the liquid. The cement hardens 
very quickly and is rerjr strong. 

Cooling, (iv. 53-87.) 

"Water. — Freezing Mixtures, — (30) 
A liquid invented by Raoul Pictet, of 
Geneva, for use as a disinfectant, 
answers well as a freezing mixture for 
hardening microscopical specimens. 
Sulphur dioxide and carbon dioxide, 
having been mixed and cooled, are 
compressed until they are liquid, and 
stored in siphons. When liberated, they 
rapidly evaporate, with great reduc- 
tion of temperature. By this means 
mercury may be frozen, and animal or 
vegetable tissues rendered solid in a few 
seconds. It is as easily managed and 
more effective than ether,the odour being 
the principal objection. 

(31) According to Cailletet and Colar- 
deau, floccnlent carbonic acid is capable 
of cooling bodies down to — 60° C. at 
the ordinary pressure of the atmosphere, 
and down to — 76° C. in a vacuum. If 
the solid carbonic acid is mixed with 
ether, the temperatures are — 77° C. and 
— 103° C. If chloride of methyl is used 
instead of ether, there is obtained a 
temperature of — 82° 0. at the pressure 
of the atmosphere, and of — 106° C. in 
a vacuum, which is equal to 190° below 
freezing, or 158° below zero on Fahren- 
heit's scale. 

(32) The most commonly used mixture 
for obtaining, on a small scale, temper- 
atures between — 20° and — 40° C. is 
that of snow and commercial hydro- 
chloric acid. Since diluted sulphuric 
or nitric acid can by similarly used, it 
was thereby suggested that one might 
utilise for this purpose the mixture of 
equal volumes of strong nitric and 
sulphuric acid which had been employed 
in a Grove battery and for which there 
was little further use. When first made, 
the mixture of acids has a specific 
gravity of about 1*63, and when spent 
about 1*57. 

^achman undertook to ascertain in 



what mixture this spent acid can be best 
employed for obtaining a freezing 
mixture. The temperature of the 
atmosphere in which the trials were 
made ranged from — 2° to + 2° C, and 
in each instance the acid was brought to 
the temperature of the air before 
mixing with the snow. Diluting the 
acid with differing amounts of water 
and mixing these with snow, it was 
found that the undiluted acid and that 
diluted with one-tenth of the volume of 
water gave equal diminution of tempera- 
ture. Any large addition of water les- 
sened the cooling effect. The following 
results were obtained : — 

cc . grammes C 

100 acid and 225 snow gave fall of 31° 



100 „ „ 285 „ 


» 


»» 


32° 


100 ,. „ 340 „ 
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30° 


lOOHCl „ 200 ., 


}» 


» 


30° 



As there was so little difference in 
the result when the snow was used 
within so wide limits, it was found 
most satisfactory to mix the snow with 
the acid until it attains the consistency 
of a thin mush, thus dispensing with all 
weighing. It is to be noted, as is 
explained by the above, that when the 
snow is wet, the temperature to be 
obtained with it is almost as low as 
when it is dry, which is far from being 
the case when hydrochloric acid is used. 
It will also be seen from the above 
figures that when working at a tempera- 
ture near zero, the *^ spent acids ** 
answer as well as, if not better than 
hydrochloric acid ; but when en- 
deavouring to obtain lower temperatures 
than— 30° C. by previously cooling the 
acid, it was found that better results 
were obtained with hydrochloric acid. 
When snow is not available, there is equal 
satisfaction in employing shaved ice for 
this purpose. 

By Evaporation of liquids, (a) Pictet's. 
— Instead of using sulphurous acid, as in 
his previous machines, Pictet uses 
mixture of sulphurous acid and carbonio 
acid, which has received the name of 
" liquide pictet." The boiling point of 
this liquid under atmospheric pressure 
is at — 19° C, and at a temperature of 
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+ 50° C. the pressure of the gas is only 
half that of pare sulphurous acid. 
The inventor has some theory, according 
to which there takes place an actual 
chemical combination of the molecules 
of the two gases when they are being 
liquefied under pressure; and it is due 
to this property that the work expended 
in compression is much smaller than in 
any other working agent. The *^ liquide 
pictet" is not inflammable, and can 
even be used for the extinction of fires. 
It has the further advantage of leaving 
a greasy dew upon the surfaces of the 
cylinder, piston rod, valves, &c., render- 
ing special lubrication unnecessary. 
The generator consists of a system of 
seamless copper pipes communicating 
with a chamber, at the bottom of which 
the liquid enters, whilst the gas is 
drawn off from the upper part. The 
arrangement of pipes is such as to 
facilitate an efHcient circulation 
throughout the whole of the generator. 
The pump is provided with clack 
valves ; but to avoid the risk of break- 
age each valve is controlled by two 
springs, one pressing it down on its seat, 
and the other acting as a stop when it 
rises. 

(6) Perkins's. — ^The principle of the 
apparatus is extremely simple, and can 
best be illustrated by the well-known 
lecture experiment intended to show the 
absorption of heat when liquids of low 
boiling point are evaporated in vacuum. 
If of two bulbs which are connected by 
a pipe, one be filled with a mixture of 
water and ammonia, and heated, the 
ammonia will distil over, and may be 
condensed in the other bulb if this be 
artificially cooled. Some water will 
also pass over, but eventually the 
liquid in the second bulb will be richer 
in ammonia than that in the first bulb, 
and if the source of heat be withdrawn, 
the ammonia will boil over and return 
to the first bulb, whilst the second bulb 
will be cooled far below the temperature 
of the cooling water previously applied. 
The construction of the apparatus 
itself is of the utmost simplicity, and 
will be readily understood from Fig. 
15. There are two horizontal tubes C D 



closed at the ends and placed horizontally 
the one above the other. * Thev are 
joined by a short vertical tube F at 
either end, which reaches about half 
way down into the cavity of the lower 
tube. This part of the apparatus is 
called by the invei>tor the " combiner," 
because in it the water and ammonia 
combine again when the ammonia vapour 
passes over from the " receiver " R 
through the connecting tube shown on 
the top. The receiver is also an iron 
tube, and is placed in the cold room, 
or in any other position where the 
effect of the apparatus is required. 
The combiner and receiver need not be 
placed in close proximity as shown; 
there may be any distance between 
them, so that the combiner, for instance, 
can be placed in the basement of a 
building close to the hot-water apparatus 
if the building be heated on the Perkins 
system, and the receiver in any other 
part of the building, but at a slightly 
higher level. In such cases the lower 
tube of the combiner is provided with 
two Perkins's hot- water t ubes E,indicated 
by dotted circles, and the same apparatus 
which is used to heat the building can 
be employed for supplying heat to the 
combiner, the hot water being simply 
circulated through the tubes E. At 
Perkins's factory this arrangement is 
actually in use, the hot water being 
diverted either into the heating pipes 
of the factory or into the combiners ot 
his cold air apparatus by a series ot 
«stop cocks, which are manipulated 
once or twice a day by an attendant. 
Where a heating apparatus is not avail- 
able, the combiner is heated by gas 
issuing from the tube B, which is pro- 
vided with atmospheric burners. The 
whole apparatus Is perfectly sealed, so 
that no loss of ammonia can occur, the 
same charge serving over and over 
again. The process is as follows : The 
combiner is charged with a mixture ol 
pure ammonia and water, the strength 
being about that of the ordinary com- 
mercial ammonia. After a short 
application of heat the air is expelled 
by opening a stop cock, not shown, the 
escaping gases being led through a water 



■ blowing out the. appaiatus a \er 
trifling and sfter this operatian ia pei 
formed the apparHtua contains a rer; 
■mull quootitj of air, and If led b 
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these holes, only water Can find its ' 
into the ehoit cjlinder T, and ht 
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itsell there would b« a vscanm of about 
25 in. in it. On applying heat in one 
form or another to the lower tnhe of 
the coiDbiner, the ammonia begius to 
distil over, and is condensed on the w»y 
' to the receiver by the action of the 
water jacket aurrouading the connecting 
tube. A certain amount of water also 
distils OTer witli the ammonia ; but aa 
the specific gravity of ammonia is very 
much lesa than that of vrnter, the latter 
accumulates at the bottom of the re- 
ceiver, and is conveyed bacit Into the 
combiner by means of a eiphon S, 
provided with a trap T within the 
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out allowing the ammonia to follow. 
During the application of heat the 
pressure in the apparatna rises to 70 Ib.- 
150 lb. per sq. in. at (he moat, and 
the tempcmture within the combiner 
reaches ntout 27CPF. When, after n 
few hours' boiling, all the ammonia has 
distilled over, the source of heat ia 
withdrawn, and the combiner is cooled 
by an external application of water, 
which is allowed to llow over its aurfaoc. 
The pressure immediately falls, and 
finally a vacuum of about 2i in. is 
produced, after which the ammonia in 
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the water left in the combiner, the 
connecting tubes F project some distance 
into the cavity of the lower tube C, as 
already mentioned. By this means the 
ammonia enters the liquid well within 
its mass, and is quickly absorbed. 



Copying, (li. 175-195.) 

Chemical Methods. — (37) T. 
C. Roche gives the following method of 
making fine blue prints on paper, wood, 
canvas, &c., and only requires washing 
to fix properly. First solution : red 
prussiate of potash, 120 gr. ; water, 
2 oz. Second solution : ammonio citrate 
of iron, 2 oz. ; water, 140 gr. The 
solutions should be made separately, 
and, when dissolved, mixed and filtered ; 
then pour it into a dish, and fioat plain 
photographic paper on it for 3 or 4 
minutes. When the paper is dyed, it 
will keep for months. Print in the sun 
for 8 to 10 minutes ; then simply wash 
the paper under the tap with running 
water. The result will be a strong 
blue picture on a white ground. The 
addition of a little gum arable water 
to the above solution, when made, will 
render the colour of the picture richer 
and the whites purer. 

(38) Channing Whittaker describes 
an ingenious apparatus of his own 
contrivance for obtaining prints which 
shall be free from the defects produced 
by the printing-frames in common use. 
In the latter the pressure required to 
keep the paper in contact with the 
glass is applied at the periphery of the 
glass and of the back-board. This 
causes the centre of the glass to spring, 
and the contact of the paper and the 
negative being consequently imperfect, 
only an imperfect print can be ex- 
pected. 

The ordinary printing-frame used 
in photography is an excellent one for 
small negatives, when the back-board 
is well cushioned with cotton-fiannel or 
woollen blanket, but in large sizes the 
plate glass is expensive, hard to handle, 
and liable to be broken by any uneven 
pressure. The improvement described 



is simply the adaptation of an air- 
cushion in place of a solid pad to ensure 
the perfect contact of the sensitive 
paper with the negative. The back- 
board is in one piece, being clamped to 
the frame that holds the glass, and is 
covered by a piece of manila paper 
coated with shellac varnish. Over this 
a sheet of the thinnest rubber is laid, 
and then a single thickness of cotton 
cloth, the whole being secured at the 
edges by strap-iron, fastened by bolts 
to the wooden frame. 

The air-cushion is charged by blowing 
from the lungs. A rubber tube, pro- 
vided with a glass mouthpiece, leads to 
a T, one end of which is connected 
with a nipple introduced through the 
back-board and the other end of which 
is connected by a rubber tube with a 
pressure gauge. 

Prints made in this apparatus are 
entirely free from blue lines, or any 
blotches or blemishes due to imperfect 
contact between the negative and the 
paper. An important addition to the 
apparatus is that by which it is so 
adjusted as to have the surface of the 
glass always at right angles to the 
direction of the sun*s rays. This is 
secured by providing two adjustments, 
one by which the glass is rotated in a 
direction opposite to that of the rotation 
of the earth, and another in which a 
secondary axis is mounted on the 
primary one and at right angles to it, 
so that it can be rotated to the required 
position when the sun is either north 
or south of the equatorial plane. 

In addition to this the author gives 
some notes of experiments on the 
sensitising liquid, and the proportions 
for one yielding the best results. When 
the process was first introduced into 
America from France, the formula in 
use was as follows : 

Red prussiate of potash, 8 parts; 
citrate of iron and ammonia, 8 parts; 
gum arable, 1 part ; water, 80 parts. 

Beginning with the proportions — Red 
prussiate of potash, 10 parts ; citrate 
of iron and ammonia, 1 part; water, 
50 parts — different solutions were made 
up to the proportions : Red prussiate of 
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potash, 1 part ; citrate of iron and 
ammonia, 10 parts ; water, 50 parts. 

The plan followed was to coat a 
sheet with a given solution, and affer 
cutting it into strips to expose them all 
to direct sunlight and withdraw them 
one after another at stated intervals, 
thus giving a different time of exposure 
to each ono. 

The conclusion drawn from these 
experiments was that each mixture 
would give a deep blue after each 
exposure, that this would tuin to a 
gray if over-exposed, but that 2-3 
minutes' deviation from the proper 
time of exposure does not materially 
alter the result. The best formula, he 
finds, would be : Red prussiate of potash, 

2 parts ; citrate of iron and ammonia, 

3 parts ; water, 20 parts. 

An excess of the prussiate lengthens 
the time of exposure, while that of the 
citrate shortens it. 

(39) Below is a formula which Dr. 
L. U. Laudy of the School of Mines 
has prepared and long used with excel- 
lent results : — 

Solution JN^o. 1. — 35 grammes (539 
grs.) of ferricyanide of potassium 
dissolved in 230 cubic centimetres 
(8 oz.) of distilled water. 

Solution No, 2.-53 grammes (816 grs.) 
of citrate of iron and ammonia dissolved 
in 230 cubic centimetres (8 oz.) of 
distilled water. These solutions must 
be kept separate. 

When ready to prepare the paper, 
mix equal parts of Nos. 1 and 2 and 
apply to the paper either with sponge 
or soft cloth, and hang up to dry. 
These operations must be conducted in 
a dark room. As soon as the paper is 
dry, place under negative or tracing, 
and expose to direct sunlight. After 
printing, place in water and wash 
thoroughly. 

(40) A black process, which will 
compete for favour with the above blue 
process, is given in the Photocopie of 
A. Fisch. The process is technically 
known as heliography, is simple, and 
inexpensive, while the prints are ink- 
black, and are made from drawings or 
positives and negatives. We owe this 



process to Poitevin, but it has been 
slightly improved. 

Sensitising Solution. — Dissolve sepa- 
rately : — 

1. Gum arable . . . . 13 dr. 
Water 17 oz. 

2. Tartaric acid.. .. 13 dr. 
Water G oz. 6 dr. 

3. Persulphite of iron .. 8 dr. 
^ Water 6 oz. 6 dr. 

The third solution is poured into the 
second, well agitated, and then these 
two solutions united are added to the 
first, continually stirring. When the 
mixture is complete, add slowly, still 
stirring, lOOcc. (3 fl. oz. 3 dr.) of liquid 
acid perchloride of iron at 45° Baume. 
Filter into a bottle and keep away from 
the light. It keeps well for a very long 
time. 

Sensitising the paper.— Here especially 
it becomes necessary to select a paper 
that is very strong, well sized, and as 
little porous as possible. By means of 
a large brush or sponge apply the 
sensitising liquid very equally in very 
thin and smooth coats ; then dry as 
rapidly as possible with heat without 
exceeding, however, a temperature of 
55° C. (131° F.). The paper should 
dry in obscurity, and be kept away from 
light and dampness ; notwithstanding 
all these precautions it does not keep 
well long, and if it is desired to act 
with some certainty it is better to have 
a stock to last only a fortnight. Freshly 
prepared it is better than a few days 
afterwards. It should be of a yellow 
colour. I 

Printing. — The tracing, made with 
very black ink, is placed in the printing 
frame, the drawing in direct contact 
with the plate ; then place over it the 
sensitised paper, the prepared side in 
contact with the back of the tracing. 
There is no necessity to make use of 
photometric bands as the progress of 
insolation is sufficiently seen on the 
sensitised paper during the exposure. 
From yellow that it was it should 
become perfectly white in the clear 
portions, that is to say, upon which 
there is no drawing of the transfer or 



u 



COPYlKd. 



positive cliche that is to be copied ; this 
18 ascertained by raising from time to 
time the shutter of the frame. The 
exposure lasts 10-12 minutes in the 
sun; in summer less, in winter more. 
When the exposure is ended remore the 
print from the frame, and it should 
show a yellow drawing upon a white 
ground. If in the sensitiiing bath a 
few cubic centimetres of a rather highly 
concentrated solution of sulphocyanide 
of potassium have been added, this bath 
becomes blood- red and colours the paper 
the same: in this case the print also 
whitens during exposure, but then the 
image, instead of being yellow, is red on 
a white ground. This substance, how- 
ever, is, if we may so speak, inert, or 
without any other action; it is very 
fugitive, and even disappears in a short 
time in obscurity ; it has no other use, 
therefore, than to render the drawing 
or the image more visible after ex- 
posure. 

Developing the Prints. — ^When the 
print has been sufficiently exposed it is 
taken from the pressure-frame and 
floated for a minute in the following 
solution, so that the side upon which is 
the image should alone be in contact 
with the surface of the liquid, avoiding 
air bubbles between the two surfaces. 
Otherwise defects would be found in 
the print ; to ascertain this, raise in 
succession the four comers. The 
developing bath is composed as 
follows :^— 

Gallic acid (or tannin) ..31-46 gr. 

Oxalic acid ^IS^* 

Water 34 oz. 

In this bath the orange yellow or red 
lines are changed into gallate or tannate 
of iron, and form, consequently, a veri- 
table black writing ink, as permanent 
as it. The print is then plunged into 
ordinary water, well rinsed, dried, and 
t he print is now finished. The violet- 
black lines becomes darker in drying, 
but unfortunately the ground which 
appears of a pure white ofien acquires, 
in drying, a light violet tint. For 
prints with half tones this is of no 
importance; but for the reproduction 



of plans, for example, it is very ob^ 
jectionable. By this process we have 
the satisfaction of obtaining a drawing 
in black lines similar to the original, 
and in most cases this is sufficient. 

(41) The Papier Z<?»Yttn^ gives the fol- 
lowingdirections for making an improved 
*' graph " : — Soak 4 parts of best clear 
glue in a mixture of 5 parts pure water 
and 3 parts ammonia (presumably liquor 
ammonia) until the glue is thoroughly 
softened. Warm it until the glue is 
dissolved, and add 3 parts of granulated 
sugar and 8 parts of glycerine, stirring 
well and letting it come to the boiling 
point. While hot, paint it upon clean 
white blotting paper, with a broad 
brush, until the blotting paper is 
thoroughly soaked and a thin coating 
remains on the surface. Allow it to 
dry for 2-3 days, and it is then ready 
for use. The writing or drawing to be 
copied u done with the usual aniline 
ink upon writing paper. Before trans- 
ferring to the blotting paper, wet the 
latter with a sponge or brush and clean 
water, and allow it to stand one or two 
minutes. Place the written side down 
anJ stroke out any air bubbles, and 
submit the whole to gentle pressure for 
a few moments, remove the written 
paper, and a number of impressions can 
then be taken in the ordinary way. 
When the impressions begin to grow 
weak, wet the surface of the " graph " 
again. This " graph " does not require 
washing off, but simply laying away 
for 24-36 hours, when the surface will 
be ready for a new impression. 

Mechanical Methods. — (6) Per- 
manently moist copying paper. A 
perpetually damp copying paper, always 
ready for use, is described in the Paper 
Trade Journal. It is prepared by 
dissolving 1 lb. of chloride of magnesium 
in a moderate quantity of warm or cold 
water — about 1 lb. When dissolved, 
apply this solution with a brush to 
ordinary copying paper, whether in 
book form or otherwise, or preferably 
by means of cloth pads saturated with 
the liquid, then placcthese pads between 
any suitable number of leaves ; apply 
preBBurCy at first very moderate, until 
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the absorption by tbe paper is complete ; 
then remove the cloth pads, and apply 
with the press a strong pressure ; it is 
then ready for use. 

Paper prepared by this process will 
remain permanently moist under ordi- 
nary temperature, and if made dry by 
an extraordinary heat, will regain its 
moisture upon being subjected to the 
common atmosphere. 

One advantage of this method is, that 
the sheets of paper will not adhere to 
each other, as is frequently the case 
when the paper is prepared with com- 
pounds containing glycerine, &c. The 
above process is patented. 

(7) Any kind of opaque drawing 
paper in ordinary use may be employed 
for this purpose, stretched in the usual 
way over the drawing to be copied or 
traced. Then, by the aid of a cotton 
pad, the paper is soaked with benzine. 
The pad causes the benzine to enter the 
pores of the paper, rendering the latter 
more transparent than the finest tracing 
paper. The most delicate lines and tints 
show through the paper so treated and 
may be copied with the greatest ease, 
for pencil, Indian ink, or water-colours 
take equally well on the benzinised sur- 
face. The paper is neither creased nor 
torn, remaining whole and supple. 
Indeed, pencil marks and water-colour 
tinting last better upon paper treated 
in this way than on any other kind of 
tracing paper, the former being rather 
difficult to remove by rubber. When 
large drawings are to be dealt with, the 
benzine treatment is only applied in 
parts at a time, thus keeping pace with 
the rapidity of the advancement of the 
work. When the copy is completed, the 
benzine rapidly evaporates, and the 
paper resumes its original white and 
opaque appearance without betraying 
the faintest trace of the benzine. If it 
is desired to fix lead-pencil marlcs on 
ordinary drawing or tracing paper 
this may be done by wetting it with 
milk and drying in the air. 

Zincotypes. — (a) According to 
Volkner {Photographic Times)^ the ori- 
ginal for a heliographic reproduction 
must be extremely sharp in outline. A 



reversed photographic negative upon 
glass, -^ or { the original size, is first 
made. Tliis reduction renders the lines 
still sharper and more delicate than in 
the original. A gelatine solution to 
which is added sugar, lamp black, alco- 
hol, ammonia, and creosote, is th^ 
prepared, and with it a sheet of photo- 
graphic paper is coated, and laid upon a 
p ate glass carefully levelled. As soon 
as the gelatine mixture has set, the 
coated sheets are hung upon cords, and 
after drying, are kept in a perfectly dry 
room. The quantity of the pigment is 
proportional to the character of the 
original to be reproduced, one-tenth of 
it being the maximum, one fortieth the 
mmimum, the former for fine and deli* 
cate drawings in line manner, the latter 
for other work. The prepared pigment 
paper is sensitised in a bichromate of 
potash bath, 1-15, and laid face down 
upon a carefully-cleaned plate-glass, and 
dried in a strong current of air. Im- 
mediately before using it the paper is 
detached from the glass. The exposure 
under the reversed glass negative is 
made in an ordinary printing frame, the 
time adjudged by a Vogel photometer. 
After printing the pigment paper is taken 
to the dark room, and in a cold-wat^r 
bath, transferred to a silvered copper- 
plate, picture side down. Kemoved 
from that bath, the paper is squeezed 
and dried with blotting paper. After 
5 minutes another cold-water bath is 
used to wash the bichromate from the 
non-exposed parts. In ^ hour it is 
taken up, well rinsed, and subjected to 
a warm water bath qf 30° to 35° C. to 
dissolve the gelatine not acted upon, 
that is to develop the gelatine relief 
upon the silvered copper plate. After 
a short time the water penetrates the 
pores of the paper, dissolved black gela- 
tine oozes from the film, indicating the 
beginning of the development ; in about 
30 minutes the paper is detached, fioats 
upon the surface of the bath, or can be 
lifted up with ease. The rest of the 
gelatine is dissolved in a few minutes, 
and the relief, a copy of the original, 
appears gradually upon the copper-plate. 
The development is continued in another 
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bath of warm distilled water, till all 
remaining fog or dirt is totally removed 
from the interstices of the relief, and 
the picture stands out clear and distinct 
upon the plate. Finally, it is well 
rinsed with water and dried spontane- 
ously. 

To make this relief plate conductive, 
powdered graphite is spread over it with 
tampon and a soft brush ; afterwards it is 
placed on the kathode of a Daniell trough 
apparatus, and a zinc anode used to 
accelerate the precipitation of copper. 
In an hour or less the heliographic 
relief plate is sufficiently covered, the 
plate is taken up, cleaned and rinsed, 
and again placed in the trough. To 
promote the force of chemical action, 
caused by the electric current, an iron 
anode is inserted. After 20-24 days 
the plate will be of the desired thick- 
ness, and is, therefore, then taken from 
the trough, rinsed with water, and 
dried ; the edges are filed off, and the 
patrix removed from the matrix. Both 
plates are well washed. Adhering 
parts of the gelatine relief are care- 
fully removed. 

If the plane of the gelatine relief has 
been perfectly clean, and free from any 
tone, the intaglio plate is also smooth, 
lustrous, and printable. Matt spots are 
wiped off with oiled flannel and rotten- 
stone ; tone and impurities are scraped 
and burnished ; other defects, which but 
rarely occur, are retouched with needle 
and graver. 

The first impressions made from helio- 
gravure plates are always rough, and 
retouching them should not be under- 
taken till a number of prints have 
been made. They are in every way 
equal to engraved copper-plates, and 
with them there is a great, almost 
incredible, saving of time. Heliogravure 
plates, maps of the Austrian Empire, 
made in fifteen years, would have taken 
generations to engrave. Before large edi- 
tions are printed galvano-plastic reliefs 
are taken from the intaglio plate. From 
them new copies can be made, in case the 
original should suffer in course of time. 

Steel facing. — An important substi- 
tute for multiplying copper-plates by 



galvanoplasty is to face them with steel. 
It is used for plates like objects of art, 
which never require correction. When, 
a copper-plate is placed on the cathode 
suspended in a solution of sesquichloride 
of iron, and subjected to the action of 
the galvanic current, it will in a short 
time be covered with a delicate and 
lustrous cuticle of iron, hard as steel. 
There is no difference seen in the prints 
taken from plain copper or steel-faced 
plates. The iron gives the plate an 
extraordinary durability, and many 
thousands of prints can be made from it. 
In case the steel cuticle has been un- 
sound, it can be easily taken off and 
renewed.. The plate is laid in sulphuric 
acid, diluted so much that it will not 
attack copper ; but it loosens the steel, 
which blisters and comes off in scales. 
The plate is again washed before another 
steel-facing. The process is carried on 
in a peculiar dark trough, with a 3 cell 
zinc carbon battery ; the electrodes 
are placed vertically. The suitable iron 
solution is made by the current. One 
part of chloride of ammonium is dis- 
solved in 10 parts of water, and in it 
are placed iron plates, as kathode and 
anode. When the circuit is closed a 
chemical action takes place, the chlorine 
of the chloride of ammonium unites 
with the iron of the anode, forming 
sesquichloride, which remains dissolved 
in the bath. Within 1-2 days the bath 
assumes a greenish colour, its surface 
turns red, owing the formation of hy- 
drate of oxide of iron fjom contact with 
air, and metallic mirror appears on the 
kathode. The bath is then sufficiently 
saturated, and in place of the iron 
kathode the copper plate to be steeled 
is inserted. The plate must, of course, 
be absolutely clean, and is therefore 
washed in caustic potash, rinsed, and 
any possibly adhering alkali neutralised 
with sulphuric acid, washed again and 
dried. Scamoni, of St. Petersburg, makes 
very durable plates by first precipitating 
nickel upon the silvered relief, and then 
allowing the copper to build up till the 
desired thickness is reached. His bnth 
is : 45 parts water ; 5 sulphate of nickel, 
and 1 to 1} of chloride of ammonium. 



copYma. 



27 



Photo-chemigraphy. — A plate of zinc 
or any other metal is coated with a 
mixture of gum Arabic, water, grape 
sugar, bichromate of potassium, and a 
few drops of ammonia, and exposed to 
light under a glass positive. After ex- 
posure the plate is removed to the dark 
room, and etched with a strong solution 
of perchloride'of iron. Strong lines are 
attacked first and etched deeply, the 
thin and delicate parts aftejwards. 
The process lasts but 5 minutes, and 
after cleaning it may be printed from 
at once. To give the plate more dura- 
bility it is copper-plated and eventually 
steel-faced. The coppe|;-plating of zinc 
cannot be done by electrotypes of the 
sulphate of copper : the free sulphunc 
acid will attack the zinc. Instead of 
it sub-cyanide of copper CuCy (Kupfer- 
cyanur) is used. When cyanide of 
potassium is added in excess to sulphate 
of copper, the copper electrotype CuCy 
is formed : CuSo^ + 2KCy = CuCy + 
KjSO^, + Cy. Sulphite of sodium added 
previously to the cyanide of potassium 
changes the cyanide into prussic acid, 
the sulphite of sodium into sulphate : 
Cy, + Na.SO, + H,0 = 2HCy -f 
NajSO^. Ammonia added to the solu- 
tion forms, with the prussic acid, cyanide 
of ammonium NH^Cy. Two solutions 
are made, (1) 140 parts sulphate of 
copper, 840 water ; (2) 140-200 cya- 
nide of potassium, 1000 of water, with 
the addition of sulphite of sodium and 
ammonia. The solutions are then mixed. 
The zinc plate to be copper-faced is 
placed on the kathode. The current is 
generated by two zinc-carbon elements. 

Galvano-caustics. — The electro-nega- 
tive substance of the electrotype, e. g. 
Ihe acid of salt, or the chlorine of a 
chloride, unites chemically with the 
anode, forming a soluble combination 
which etches the electrode. Chrom- 
gelatine paper is exposed under a trans- 
parency, inked with roller, and developed; 
the negative picture is transferred upon 
a copper-plate which makes the picture 
metallic-lustrous. The covered parts 
resist etching. The sulphuric acid liber- 
ated by electrotypes combines with the 
copper ; it etches the plate. 



In galvanography and stilography 
the plate is coated with the fatty 
matter coloured with ochre or lamp- 
black. A drawing is made upon it with 
the graving tool, the plates are made 
conductive by graphite, and by placing 
them in the trough apparatus a relief 
is made from that on intaglio plate. 

Nature-Printing. — Natural objects 
like parts of plants, or laces and other 
open fabrics, are pressed in guttapercha 
or lead, and galvano-plastic matrices 
made from them. If lace be the object 
to be reproduced, it is pasted with gum 
upon a steel plate, a sheet of lead placed 
upon it, and subjected to a high 
pressure. Relief or intaglio plates are 
made this way ; the former answering 
well for typographic printing. 

Type-Printing.— Stereotypes are now 
substituted by galvano-plastic copper 
precipitates. The form is impressed in 
guttapercha, the copper graphited, and, 
moistened with alcohol, laid in the 
galvano-plastic apparatus. When the 
copper is sufficiently thick, the plate is 
taken up, the reversed side and edges 
planed off, and backed with ordinary 
type-metal. Woodcuts similarly treated 
give galvano-plastic copies from which 
70,000 to 80,000 prints can be made. 

Plain Copper-plates. — At the time 
when copper engravings were used 
exclusively in the Institute, the plates 
were made by the galvano-plastic 
process with the aid of a twelve-cell, 
zinc-silver battery (system Smee). 
Now such plates are only made for the 
patrices in heliogravure. The last 
daguerreotype plates in the American 
market were also galvano-plastic. 

Magneto-electric and Dynamo-elec- 
tric Machines. — Improvements intro- 
duced in the mechanical arts in modern 
times have also been introduced for the 
generation of the electric current in 
electrolytic operations. Magneto 'elec- 
tric and dynamo-electric machines have 
been substituted for the hydro-electric 
cell, by which the liberation of injurious 
gases and interruption of the work is 
entirely avoided, and more uniform and 
accurate work obtained. Machines for 
continuous currents are preferred with 
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wire twists o{ considerable diameter, 
and wire of but little resistance, so as 
to generate a current great in quantity 
but of little intensity. 

(6) Mantal, director of the stereo- 
type foundry of Dupont's printing 
house, describes as follows the process 
of converting a lithographic or copper 
plate print iuto a typographic block. 
The composition to be reproduced is 
drawn with a crayon or pen upon a 
lithographic stone, which undergoes all 
the preparation necessary for a proof 
upon transfer paper. It is then trans- 
ferred to a plate of properly planed 
zinc, which has been washed with a 
solution of soda or potash and dried 
with a rag. The transfer is made just 
as if it were a question of an impression 
upon stone. Care is taken to see that 
the fine lines of the drawing are all 
reproduced, and, if they are satisfactory, 
gum water, alone or with the addition 
of a decoction of nutgalls, is passed 
over the surface of the zinc. The gum 
combines with the zinc, and renders it 
proof against the contact of fatty 
matters. 

After the plate has remained under 
gum for a little while, it is washed and 
then inked with thick ink by means of 
a lithographic roller, just as would be 
done for pulling a proof from stone. 
Then, by means of a cotton dabber, 
resin in impalpable powder is dusted 
over the entire surface — although finely 
powdered bitumen may likewise be 
used. This resinous dust adheres to the 
oily parts, solidifies them, lodges in all 
the interstices formed where the inking 
has been slight, and forms a protecting 
envelope against the penetration of the 
acid. Care is taken to remove all the 
superfluous resin. 

The edges and bottom of the plate 
are now covered with lac varnish or a 
solution of bitumen, after which it is 
immersed in a bath of water containing 
5 per cent, of nitric acid. After re- 
maining in this for 20 minutes, it is 
taken out and gently rubbed with a 
piece of soft charcoal — an operation 
which, by removing the first layer of 
ink, allows the beginning of the conver- 



sion of the drawing into a typographic 
plate to be seen. 

This first biting in is usually very 
slight. If it has proceeded regularly, a 
second inking is given before immersing 
the plate in the bath again for another 
20 minutes. Upon being taken out 
the second time the ink is removed as 
before, and the plate is examined to 8«e 
whether the acid has done its duty. 
Then a third inking is given, and the 
plate is immersed again for 20 - 25 
minutes. 

At every biting in, the strength of 
the bath is increased 2°-3° by the 
acetometer. It is rarely the case that 
a fourth biting in is necessary. The 
trough containing the bath is of oak 
lined with either guttapercha or sheet 
lead. It is fixed upon a pivot that 
allows it to be given a continuous 
rocking motion while the plate is 
immersed. This agitation is indis- 
pensable in order that the acidulated 
water shall constantly flow over the 
plate and carry away the salts of zinc 
that are formed. 

The transfer of the drawing from 
stone to the zinc plate is effected in a 
lithographic press. Only line drawings 
are treated by this process. 

The zinc plates are prepared by 
specialists. I^oreover, if it be desired 
to write, draw, or make a transfer upon 
a zinc plate, it is essential that the lat- 
ter shall undergo various preparations, 
such as polishing, scouring, &;c. If 
these operations have been properly 
performed there will be, obtained good 
typographic plates that it will be only 
necessary to mount upon wood after 
the whites have been routed out. 
Finally, the blisters are removed with 
a graver, all the inequalities are 
straightened out, and all the small 
defects observed are remedied. As for 
typographic plates derived from an 
engraving on steel or copper, instead of 
making a drawing upon stone, the 
engraving is transferred thereto, and 
from this is pulled a proof opon India 
paper, which is transferred to the zinc 
plate. {Chroniqne Indusirielle.) 

Mounting Drawings and I'radngs, — 
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One of the most common details in the 
routine of the drawing-office is the 
moanting and repairing of tracings and 
drawings which have either heen made 
on paper too flimsy to stand the wear 
and tear which they will have to under- 
go, or which are falling to pieces from 
the rough treatment which they have 
received in the shops or elsewhere. 
Like many other minor details, it often 
fails to receive the attention which, if 
paid to it, would be amply repaid. It 
is usually the first task assigned to a 
new pupil, who, f^'om ignorance of the 
materials used, and of the best method 
of setting about his work, too often 
" makes a mess of it." To avoid this, 
and to save the time which it occupies, 
it is a very common practice to use 
** tracing-cloth " for all tracings which 
are likely to be frequently handled and 
folded. £very one knows the disagree- 
able nature of this material. From its 
** greasiness," as compared with ordinary 
tracing-paper, a " greasiness " which 
cannot be overcome by ox-gall, it is 
difficult to make the ink "lie," and, 
from its non-absorbent qualities, the 
lines take much longer to dry and are 
more liable to be smeared. As the ink 
lies on the surface, the lines are liable 
to wash, and any colouring that may 
be necessary has to be applied en the 
back or wrong side, and any erasure 
that may be necessary, or any accidental 
drop of water, leaves a disagreeable 
white mark. !t is no exaggeration to 
say that three tracings may be made 
on ordinary tracing-paper in the time 
required to make two on tracing-cloth. 
The method which we are about to 
describe is not only satisfactory, but 
very easy, and requires only ordinary 
eare, and no special skill. 

Let us suppose that we wish to 
mount a tracing. We take a drawing 
board, which must be perfectly clean 
and made without glue in the joints, 
and lay it on a table, or on trestles, if 
possible, so that we can get at it from 
all sides. We then take a stout piece 
of calico, about an inch larger all round 
than^he tracing to be mounted, and 
pin it down with a tack at each comer 



on another table, ^hich we have pre- 
viously covered with old newspapers. 
We then lay the tracing face downwards 
on the drawing-board, and with a sofL 
sponge wet it thoroughly all over. 
Then, raising first one half of the tracing 
and then the other, we flood the board 
well with clean water. The tracing 
now lies floating on a thin film of water. 
Then, taking a moist sponge and com- 
mencing at the centre, and working 
outwards towards the sides in turn, we 
press the tracing down on to the board, 
driving the water out at the edges. 
In the same manner we work out all 
the water from each comer in turn, 
always working from the centre to the 
edges, and taking care to leave no 
** blobs " of air or water behind us, and 
wiping off all superfluous moisture from 
the top or back of the tracing. By 
viewing it slantwise across the light, 
it is easy to see if this has been properly 
done. If it is an old or badly-torn 
tracing, we can easily fit any detached 
pieces and, as it were, glue them down 
in their place on the board with the 
water. If it is necessary to unite two 
sheets, we first lay down the larger, if 
of different size, as above described, and 
then the other, commencing from the 
point of junction and working outwards. 
Then, with a stout brush we spread 
the paste — which we suppose already 
prepared — well, and evenly over the 
calico, beating it thoroughly into the 
interstices of the cloth and taking care 
to leave no lumps or superfluous 
quantity, and, if necessary, picking off 
any bristles out of the brush, &c. 
Then, taking it by the corners (this is 
the only part of the operation in which 
any assistance is required) and turning 
it over and holding it at full stretch, 
we lay it on the tracing, taking care 
that, as far as possible, every part shall 
come in contact at the same moment. 
Once down it must not again be lifted, 
or it will probably pick up any loose 
pieces and remove them from their 
proper positions. Then, with the wet 
sponge, we proceed to press down the 
cloth in the same manner as we have 
previously spread the tracing, driving 
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all air-babbles out at the edges and 
wiping off all superfluous moisture. 
Then, turning back each corner in suc- 
cession, as at Bi, till we can just see 
the corners of the tracing, we stick in 
four tacks or drawing-pins, not to hold 
it down, but merely to mark the 
corners. A A (Fig. 16) is the board ; 
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Mounting Drawings. 

B B, the cloth ; B„ one of the comers 
turned back ; C C, the tracing under- 
neath ; C] Cj, tacks at the corners. 
Then, pressing the corners down again, 
we set aside to dry. If wanted in a 
hurry, it may be dried, not too quickly, 
before the fire, allowing at least two 
hours for this process ; but it is better 
to allow it to dry slowly and leave it 
until the next day. When dry, cut 



with a sharp knife from tack to tack, 
and the tracing will fall off. If the 
paste is good, it will be easier to split 
the paper than to tear it off the cloth. 
The remaining strips of cloth may then 
be torn off the board, and the board 
washed free from all traces of paste for 
future use. 

It might be supposed that the colour- 
ing would run, and the lines be found all 
blotted and blurred after such rough 
usage, but such is not the case. Indian 
yellow, if laid on too thickly, will occa- 
sionally run, but not to a serious extent, 
and heavy lines of Prussian blue would 
probably be found printed and repro- 
duced on the board, but not blurred or 
smeared. But the best plan, if a very 
neat appearance is a ^ine ^ua non, is to 
colour the tracing after mounting. The 
tracing ^Yill be found to have a surface 
for colouring far superior to the best 
drawing-paper, and as all superfluous 
ink has been removed by the process, 
lines and figures may be washed over 
in the most careless manner without 
any fear that they will run. Those 
who know the care required to wash 
over a heavy dotted line, will fully 
appreciate the advantage. 

The absence of all distortion is a most 
remarkable feature in tracings mounted 
as above described, and may be readily 
tested by applying a straight-edge to 
any line. Any expansion or contraction 
is equal in all directions, and may be 
almost entirely obviated by a careful 
adaptation of materials. Very thin 
tracings should not be mounted on very 
thick cloth, or vice versa. It will also 
be found that some tracing-papers will 
expand very much more than others, 
and, as is well known, will, if left free, 
contract upon drying to less than their 
former dimensions. But this tendency 
is counteracted, not only by the fact 
that the tracing remains stretched on 
the board until dry and cut off, but by 
the fact that the cloth will not contract 
upon drying, especially if the paste is 
well beaten into the interstices. 

So far we have described the process 
as applied to thin tracings, but it is 
equally applicable to torn drawing 
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upon thick paper and to drawings made 
on the commoner sorts of drawing-paper 
when it is not thought worth while to 
employ the superior qualities which are 
sold ready mounted on cloth. By 
soaking old and yalueless drawings and 
tracings in water for a few hours, the 
cloth may easily be peeled off and used 
agaiu. If it is desirable to leave a 
margin wider than that on the un- 
mounted tracing, the cloth may be 
detached from the board where it 
adheres at the edges by using an ivory 
paper-cutter or a feather-edged scale. 
If small parts of the tracing have been 
torn out and lost, the cloth will, of 
course, adhere to the board at these 
points, and must be carefully detached 
in the same manner. If desired, stout 
paper may be used instead of the cloth, 
though not so good or so easily applied. 
Of course, white calico must be used, as 
unbleached cloth shows an unsightly 
colour through the tracing. If any 
corrections or erasures should be neces- 
sary, we recommend the following 
plan : — ^To take out a line, fill a draw- 
ing-pen with clean water, and, setting 
it at a rather coarser pitch than the 
original line, rule over the line. Let 
the water lie for a few moments, then 
dry with blotting-paper, and rub out 
with 8©ft rubber. By repeating the 
process once or twice, the line will be 
perfectly erased. The surface may then 
be polished with the ivory paper-cutter 
or with the blade of a knife. To take 
out a blot or a shade of colour, use a 
wet brush instead of the drawing-pen. 
An obstinate blot may be removed by 
scratching it out with the point of a 
drawing-pen dipped in clean water, 
blotting the water off the tracing as 
often as it gets discoloured. This pro- 
ceeding, however, will not improve the 
drawing-pen. 

We will next suppose that it is desired 
to mount a plan or a map (such as a 
quarter-sheets of the Ordnance Sui*vey) 
in sections, so as to fold for the pocket 
or for insertion into a book. These maps 
usually have a very liberal margin, 
which, as so much waste paper, is better 
cut off, ^aving decided on the final 



size, prick the comers through, as at 
aaaa (Fig. 16). Turn it face down- 
wards, and rule lines all round from 
prick to prick. Then mark it off into 
the requisite number of squares, which 
must, of course, be of exactly equal size. 
Then number the squares in succession 
before cutting. If this is not done, 
some comical results will often occur 
through the sections being mounted in 
wrong sequence. Then cut it up. It 
is as well to leave a slight margin, as 
shown by the dotted lines at 6 6 6 6, so 
as to allow the edges to be finally 
trimmed up with a sharp knife. Then 
with a blacklead pencil rule two or 
more lines on the drawing-board at 
right angles to each other, as cc, dd 
(Fig. 16). Then, having soaked each 
square for about half a minute, lay 
them one by one on the wetted board, 
commencing with the centre sections- 
2, 3, 6, 7, and leaving about ^ in. be- 
tween each section. When these have 
been properly placed and stuck down, 
the others, as 4, will follow. Then 
apply the pasted cloth as above directed. 
In removing a map thus mounted in 
sections from the board, it will be 
found that in the narrow spaces between 
the sections it will probably adhere to 
the board, and the paper-cutter must be 
used to detach it, care being taken not 
to " start " the edges, and especially 
the corners, of each section with the 
edge of the cutter. If the map is to be 
attached to a book or case, a margin of 
cloth must be left on that section which 
is to be attached. When removed from 
the board, fold it carefully in the 
manner which appears most handy (in 
the above instance, first along the line 
cc, and then along the other lines back- 
wards and forwards alternately), and 
press it for a short time under a heavy 
weight. It will afterwards naturally 
and without difficulty fold in the same 
manner. In the case of a larger map 
with three or four rows of sections, 
first fold all the horizontal and then all 
the vertical lines, or vice vers&, and 
always in a zigzag form, alternately in 
and out. The above process, though 
rather complicated to describe upon 
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paper, is remarkably easy to put in 
practice. There is, however, one class 
of drawings, or rather engravings, to 
which it is not applicable. We allude 
to those upon unsized paper, such as is 
employed for the French Goyernment 
maps, and for some lithographs. This 
when wetted, becomes as tender as wet 
bio ting-paper, and is very difficult to 
handle. We have sometimes employed 
the following process : — Having arranged 
the sections, dry or only slightly damped, 
on the board, we strain the cloth, which 
mu»t be of an open texture, tightly 
above them, and then apply glue, as hot 
and liquid as possible, to the back. 
This, penetrating the cloth, will produce 
the required adhesion. 

DESICOATINa. (iv. 108-119.) 

Air Ovens.— (a) The air-bath 
ordinarily used in chemical laboratories 
for drying precipitates, for making 
determinations of water by loss, and for 
similar purposes, is usually a rather 
expensive piece of apparatus. The iron 
or copper closet, with its door, tubulure 
for thermometer, shelves, stand, &c., 
works no more satisfactorily because of 
its somewhat elaborate or difficult 
construction. In Fig. 17 A, is shown a 
simple substitute for this apparatus, 
that as regards simplicity cannot well 
be excelled, while its other good features 
certainly operate to commend it. It 
consists of an inverted flower-pot sus- 
tained upon an ordinary tin pan or sand 
bath, the whole being carried by a tripod 
or retort stand. The aperture at the 
top serves to receive a perforated cork, 
through which a thermometer is passed. 
An ordinary Bunsen burner is used to 
heat it. As the sand bath directly over 
the burner becomes very hot, it is 
advisable to invert a second smaller sand 
bath within the first, as shown in B. 
This prevents too direct a radiation of 
heat from the hot metal. Upon this the 
little stand or bent triangle supporting 
the crucible or watch glass containing 
the substance to be heated may be 
placed. The theimometer should be 



thrust down through the cork until its 
bulb is near the substance to be dried, so 
as to obtain a correct indication of the 
temperature at that point. I'he entire 
arrangement is shown in external view 
in A. 

To place a vessel in it or to remove 
one, the flower-pot is lifted off the sand 
baths. It will, be observed that its 
porous nature provides a species of 
ventilation, while its composition 
assures it against corrosion. It even 
protects the plates 'below to a consider- 
able extent, as drops of water or other 
fluid cannot run down its sides as it 
cools. 

But convenient as it is in the role of 
air bath for simple drying operations, it 
will be found more so where drying 
tubes or retorts have to be manipulated 
at constant temperature. The flower- 
pot can be perforated at any place, and 
holes of any size or shape can be drilled 
and cut through it with an old knife, 
file, or other implement. Thus in C 
it is shown in use for drying a sub- 
stance at constant temperature in a 
straight drying tube. The holes to 
receive this tube can be drilled in a few 
minutes. The arrangement as shown is 
of the simplest kind, but if the usual 
bath was used, it would require a 
special tubulation to be introduced or 
contrived for the tube to pass through. 
Flower-pots cost so little that there 
need be no hesitation in preparing them 
for special uses. 

In D a U tube is shown as being 
heated, while in £ a retort occupies 
the bath, and is in use for fractional 
distillation or other operation requiring 
a constant temperature. In all cases it 
is better to use the second bath inverted 
within the chamber. It conduces greatly 
to the maintenance of an even tempera- 
ture throughout the whole space. A 
hint may also be taken from the heavy 
drying plate formerly perhaps more 
used than at present. If for the light 
metal pans a heavy plate } in. or more 
in thickness is substituted, the tempera- 
ture will not be subject to as rapid 
variations, and less difficulty will be 
experienced in keeping a constant 
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wilh reasonable quickness without 
danger of spurting, and it also acts by 
capillarity to absorb the water directly. 
It represents in the last respect the 
porous tile or blotting paper — appli- 
ances too little appreciated by chemists 
here. It must be remembered that the 
drying of a precipitate by evaporation 
leaves all the impurities of the wash 
water concentrated therein, while 
capillary absorption removes a great 
part of both wash water and its 
impurities, thus conducing to the 
accuracy of the work. (T O'Conor 
Sloane, Ph.D.) 

(&) Bearing in mind the universal and 
indispensable utility of the air-bath to 
the chemical analyst, one might expect 
to find much variety and perfection in 
the design and construction of such an 
important piece of apparatus. Strange 
to say, this is not so. I very much 
doubt if there is to be found any piece 
of chemical apparatus in the chemist's 
laboratory that has received less atten- 
tion, or stands more in need of it. 

This fact was forced upon my atten- 
tion by the great difficulty found in 
bringing certain hygroscopic substances 
to a constant weight, and I soon dis- 
covered that the attempt was hopeless 
with the ordinary instrument, the 
reasons for which were not far to seek. 
In the first place, in the ordinary bath 
it is impossible to maintain a uniform 
temperature throughout the whole of 
the drying chamber, for, even with the 
help of a thermostat, though it may be 
regulated with accuracy for sdme one 
special portion, other pai'ts will in all 
probability be found to be several, 
indeed many, degrees hotter or colder 
according to the circumstance, so that 
to dry a substance, say at 100° C, the 
bath, though regulated to stand at this 
point for the spot where the ther- 
mometer is placed, is no assurance that 
the thing to be dried is exposed to the 
temperature desired, and if the object 
is of any considerable bulk the proba- 
bility is that one portion of it may 
extend into a region that is much below 
a hundred, and another into a place that 
is much above a hundred. Naturally 



the greatest heat is found near the floor, 
where the thermometer is never placed, 
and the least heat at the sides and in 
the comers, where radiation and stag- 
nation mostly take place ; but more 
especially it is cold in the line of 
draughts that proceed from the chinks 
of the door and through the primitive 
contrivance that is usually provided for 
ventilation. In these parts the tempera- 
ture may be very little above that of 
the external atmosphere. No wonder 
then that the complete drying of delicate 
hygroscopic organic substances is found 
to be so difficult, for before the colder 
part can be made to give up the last 
trace of moisture that clings so tena- 
ciously to it, the hotter is over dried 
and stands the risk of being charred. 

In a case like this there is nothing to 
be got by turning and twisting the 
thing round so as to expose alternately 
its vai'ious parts to the greater heat. 
In imagination one can see what occurs ; 
by a process of distillation and conden- 
sation the same kind of transference 04 
moisture from the hotter to the colder 
parts takes place as is seen to occur, for 
instance, when the attempt is made to 
dry a damp flask under similar circum- 
stances. 

But even this picture by no means 
exhibits the whole of the perplexing 
difficulties of tracing and controlling 
the air currents in an ordinary air-bath. 
They are so erratic, so fortuitous, so 
delusive, and subject to such uncon- 
trollable shiftings, that, practically- 
speaking, it is a question whether 
thorough drying in such a case is 
possible without destruction of the sub- 
stance. At all events the chances in 
favour of it are so slender as not to be 
relied upon. 

Reflecting upon these difficulties, the 
theory of a perfect method for air-drying 
suggested two things as indispensable. 

1. A constant current of pure dry air 
brought to the desired degree of tempera- 
ture before admission into the drying 
chamber. 

2. A regulated source of heat. 

Both these conditions to be unde^r 
perfect control. 
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I place current first as being the more 
important item, and the one to which 
hitherto very little attention appears to 
have been paid so far, at all events, as 
regards the temperature of the current 
when admitted into the drying chamber. 
As for the source of heat, this has been 
brought fairly under control by previous 
experimenters by the use of one or other 
of the several thermostats, though 1 was 
unable to discover one quite suited to 
the purpose. 

18. 
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To meet these requirements I have 
designed the instrument shown in Fig. 
18. It consists essentially of a double 
jacketed cylinder with air passages, so 
contrived as to compel tj^e ajr usecj for 



the drying to circulate between the 
jackets before its final admission into 
the drying chamber, in such a manner 
as to ensure that its temperature shall 
be raised to the required degree before 
it is allowed to come in contact with 
the thing to be dried. Moreover, as a 
secondary, but still very important 
consideration, the inlet of the air-supply 
is so placed that the air used for drying 
is kept as distinct as possible from all 
contact or admixture with the products 
of combustion, such pro- 
ducts naturally being loaded 
with watery vapour and 
COj. The pure air thus 
heated before entering the 
drying chamber, is evenly 
diffused over the whole area 
of the bottom of the bath, 
between it and the perfo- 
rated false bottom which 
forms the floor of the dry- 
ing chamber; the air then 
ascends bodily as a solid 
cylinder, and escapes by the 
tall chimney of the domed 
glass cover. In this way 
vigorous circulation of dry 
hot air is constantly main- 
tained, which effects a. rapid 
and uniform drying, such 
as no ordinary air-bath can 
accomplish. We will now 
turn to a consideration of 
the source of heat and its 
regulation. This consists of 
a Bunsen air-burner placed 
in the cavity under the 
bottom, but the heat is first 
received upon a solid disc 
of metal, separated hy a suf- 
ficient space from the bottom 
to prevent the heat of the 
flame being transmitted 
direct to the bottom of the 

bath, the object being to 

avoid any localisation of the 
heat. Moreover, the mass of 
the metal disc, besides acting as a dis- 
tributor, also serves as a reservoir of heat 
and assists in maintaining the equality of 
temperature, but this equality is chiefly 
provided for by an entirely new form of 
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thermostat. It is to be observed that 
within the two jackets already spokea 
of is placed an annular copper vessel, 
which forms the boundary wall of the 
drying chamber. This is a cylinder 
composed of two thicknesses of thin 
sheet copper, enclosing an air-space of 
5 mm. wide, 98 cm. circuit, and 
22*75 cm. in height. It is securely 
closed top and bottom, and has a capa- 
city of 1100 cc. This constitutes the 
heat regulating chamber or thermostat, 
the cavity of which is connected up to 
a U tube, having mercury in the bend. 
Gas is admitted on the other side of the 
U, and by means of an arrangement, 
such as is usual in a gas thermostat, 
depression of the mercury in one limb 
cuts off the main gas supply, which can 
then reach the burner by a small bye 
pass only. By means of a screw at the 
top of the other limb of the U, air can 
be admitted into or allowed to escape 
from the regulator. With the rise or 
fall of the temperature, and the conse- 
quent expansion or contraction of the 
air contained in the regulator, pressure 
is exerted or withdrawn from the 
surface of the mercury, which is 
thereby forced down the one limb and 
up the other. 

The reference letters indicate as 
follows :-A, Diaphragm completely sepa- 
rating the drying from the combustion 
chamber. B, Perforated false bottom. 
C, Outer jacket. D, Inner jacket. £, 
Copper regulating chamber or thermo- 
stat. F, BafHe plate. G, Apertures in 
jacket giviog admission to air for 
combustion. H, Apertures for the 
passage of air between the jackets for 
drying. I, One of three apertures for 
escape of products of combustion. K, 
Apertures in inner jacket D for passage 
of dryinif air. L, Burner. M, Thick 
metal plate for receiving heat of the 
flame. N, Mercury U tube. O, And its 
connection with copper regulator. P, 
Screw whereby the degree of heat is 
regulated. R, Gas supply. S, Tube with 
bye-pass. 

I have already mentioned the capacity 
of this copper regulator is 1100 cc, 
the coefficient of expansion for one 



degree Centigrade being '00367, the 
alteration of volume for a single degree 
of temperature at boiling point will be 
about 3 cubic centimetres (2*95). It 
is therefore plain we have here a means 
of regulation of the temperature of 
extraordinary sensitiveness, and ac- 
cordingly we find we can command* 
what practically amounts to a fixed 
temperature at any desired degree, and 
seeing that the copper regulator 
entirely surrounds the drying chamber 
and that the whole of the air employed 
in the drying process must of necessity 
sweep both its surfaces, exterior and 
interior, amounting to nearly half a 
('4459) square metre in extent, it 
follows that no local currents can 
interfere with the accuracy of its 
workings. You will agree, I am sure, 
that this a grand point. 

A Page's regulator, or any similar 
instrument, may be all very well in a 
still atmosphere, but where a current 
is concerned it is not unlikely to be at 
fault and thrown out of working from 
one cause or another, purely local, such 
for instance as being shadowed by an 
object in process of drying, or being 
placed where there is either an undue 
amount of current, or too little, or in 
an eddy. Our arrangement has a 
further advantage of occupying no 
space within the drying chamber. 
Having said this much respecting the 
principles involved in the design and 
the mode of construction, let us now 
pass to a consideration of its perform- 
ances ; but before doing this it will 
be as well to relate some particulars 
concerning difficulties encountered in 
connection with the regulator. When 
first set in action there was no getting 
a fixed degree of heat ; the thermometer 
kept steadily mounting, degree by degree 
without apparent cause. Naturally we 
looked for some escape of air from the 
chamber of the regulator, but the closest 
inspection failed to reveal any point at 
which escape could take place, and it 
was only by immersing the copper 
regulator in water and blowing through 
the tube attached that enabled us to 
discover several tiny leaks in the solder. 
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After these were made good and the 
test repeated, the thermometer still 
recorded a constantly increasing tem- 
perature. Again and again we went 
through the process of searching for 
leaks, hut all in vain. Fixity of 
temperature seemed impossihle, when 
at last I observed some condensation of 
moisture within the U tube on the 
regulator side of the mercury. This at 
once gave the clue to the cause of the 
rbe of temperature. Each time of 
immersing the regulator in the water, 
when search was being made for leaks, 
a small amount of moisture must have 
gained access into the interior, and this, 
as the temperature of the bath was 
raised to boiling point, became converted 
into steam and mingled with the con- 
tained air. So long as this moisture 
remained at the high temperature of the 
interior of the regulator, it exerted the 
vapour tension due to that temperature, 
but little by little a certain portion 
found its way into the U tube out of 
reach of the heat, and thereupon de- 
posited its moisture by condensation on 
the sides of the tube, producing of 
course a partial vacuum in the tube 
and thereby drawing in a fresh supply 
of hot moist air and steam, so that 
at last quite a considerable amount 
collected in the U tube. Now, seeing 
that 1 cc. of water at 15*5° C. will 
produce 1696 cc. of steam at 100° at 
ordinary barometric pressure, there is 
no need to dwell further upon the 
cause of our difficulty, or the neces-ity 
for keeping the interior of the copper 
regulator quite dry. 

Now, with respect to the performance 
of this instrument as an air-drying 
baHi, I have directed my experiments 
to the demonstration of three things : — 

I. To show the existence of, and 
determine the amount of, current 
passing through the bath. 

The passage of the current is roughly 
but abundantly demonstrated by holding 
a flame opposite any one of the twelve 
air inlets; you will observe how the 
air rushes in. Again, at the outlet the 
current is manifested by this mica 
whirligig arrangement, which you 



observe sails round famously by the 
impact of the current. 

I have attempted to measure the 
amount of air that passes through the 
instrument by means of an anemometer, 
and ilnd that it travels along a chimney 
wliose sectional area = 5*4119 in. at 
the rate of 204 ft. per minute, from 
which I calculate that no less than 
7 '6875 cub. ft. of air pass through the 
apparatus per minute. 

II. The next point of importance was 
to ascertain that this current was 
evenly distributed throughout the whole 
sectional area of the drying chamber. 

This equal distribution you will 
observe was arrived at by making 
the instrument circular and admitting 
the air at points placed at equal in- 
tervals all round, and by surrounding 
the lower part of the inner jacket with 
a curved flange projecting inwards, the 
object of which is to direct the current 
horizontally between the true and the 
false bottom, and so prevent its pre- 
mature passage through the perforations 
of the false bottom before having had 
time to take up heat from the bottom 
plate, and by thorough mingling and 
mixing, preventing local inequalities of 
temperature. 

That these designs work well can be 
demonstrated by the smoke of smoulder- 
ing brown paper, which shows that the 
current spreads itself over the whole 
area ; there is no creeping up the sides 
or centre, it seems to pervade equally 
the whole space. 

III. The flnal point that we have 
thought it important to inquire into 
relates to the vertical distribution of 
the heat. 

At one time I was strongly tempted 
to head this communication with the 
title of "A Perfect Air-bath," and 
should have ventured to do so but for 
the practical impossibility of obtaining 
a perfectly equal temperature from 
top to bottom. For a certain very 
considerable range it is sufficiently eo 
for all practical purposes, and far more 
so than it is, or can be, in any ordinary 
bath. For the convenience, if not the 
necessity, of the case, the source of heat 
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is applied to the bottom, and you will 
remember we have interposed a largo 
mass of metal between the flame and 
the bottom for the purpose of moderating, 
storing, and distributing the heat ; but, 
nevertheless, all parts in metallic con- 
nection therewitii get hot hj conduction 
more in proportion as they are near to 
the source of heat. They in turn 
become radiators, and any object placed 
within near range of their radiation 
before the air current has had time to 
take up and distribute the same, gets 
more than its share of heat. Our 
experiments show that the useful range 
is anywhere above 3 in. of the bottom. 
Below this undoubtedly the temperature 
increases rapidly, and more so the closer 
the bottom is approached. About 3 in., 
and for the whole of the rest of the 
drying-chamber, the extent of the 
variation between any two parts does 
not amount to more than from 1° Cen- 
tigrade. 

In these several ways we have en- 
deavoured to meet the requirements of 
a theoretically perfect bath. We have 
contrived an instrument that provides 
a vigorous current of heated air of 
definite temperature under perfect 
control of a self-acting source of beat, 
and out of reach of contamination by 
the results of combustion. Talcen 
together, these result are, I submit, 
satisfactory, and show the instrument 
to be a substantial improvement on the 
ordinary air-bath. 

As regards regulation of temperature, 
this is as simple as possible. It can be 
'set at any temperature wished for, from 
that of the room up to any degree that 
can be required, in the course of a few 
minutes. I have only to undo the screw 
(F) and allow a little of the air con- 
tained in the copper chamber to escape, 
and when the desired temperature is 
reached, screw it down again ; this, by 
preventing further escape, fixes the 
temperature at that point. On the 
other hand, if I want to lower the 
temperature, I should turn the gas out 
and allow air to enter the copper 
chamber until the temperature stands 
at the desired point, A thermometer 



hangs from the chimney, and the 
temperature can be seen at any moment. 
The regulation can be accomplished not 
only exactly but immediately, and 
moreover, the temperature is absolutely 
fixed. It may be set going on January 
Ist and go on to December 31st, and it 
will not vary. It may do some good to 
put some asbestos on the upper surface 
of the diaphragm that divides the drying 
and combustion chambei's. (M. A. 
Adams, F.R.C.S.) 

(c) Chloride of calcium is cheap 
(being a waste product), easily portable, 
and when it has absorbed moisture it 
can be again made fit for use with no 
more complicated apparatus than an 
iron pot. Air dried by means of chloride 
of calcium has, therefore, very naturally 
come into use for drying purposes. 
But it is sometimes employed in an un- 
satisfiictory manner, by a mechanical 
arrangement. The chloride of calcium 
is alternately exposed to the current of 
air to be dried, and is then passed into 
a furnace, in the expectation that mois- 
ture will thus be alternately absorbed 
and expelled. This view seems to be 
erroneous. Chloride of calcium parts 
with two-thirds of its water at 392° F., 
and loses the remaining third at a 
higher point. Unless the heat is carried 
to this point, the chloride of calcium 
does not recover its original capacity of 
water. If it has been thus heated, it 
wants sufficient time to enable it to 
cool down to ai temperature below that 
at which it parts with its moisture. 
Chloride of calcium, at temperatures 
above the boiling point of water is a 
comparatively poor desiccating agent. 
There is another method in which 
chloride of calcium may be applied 
in desiccation, a method often used 
in the laboratory. The substance to 
be dried is placed in a vacuum — or 
even in a closed receiver, filled with 
air at the ordinary pressure — along 
with trays of chloride of calcium. In 
this manner, the moisture evaporating 
from the material is at once absorbed, 
and fresh moisture can be given off to 
take its place. 

(d) In Fig. 19 is shown an excellent 
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lure as it origiually contained. Power is 
supplied by a Robey undertype steam en- 
gine, which works two fans placed under 
a wooden box, and a number of vertical 
agitators placed in the drying chamber 
between the stacks. The air from the 
fans is forced through a series of vertical 
tubes placed in a box technically termed 
the '^ cooler." After passing the tubes, 
it is forced through another series of 
tubes placed in the *' furnace," and is 
there heated to about 1300° F. After 
passing through the furnace tubes, the 
air is conducted back to the cooler ; but 
this time it surrounds the outside of 
the vertical tubes, and flows finally to 
horizontal flues placed on the ground, 
which lead into the drying chamber. 
The air, on coming from the furnace, rs 
cooled by contact with the outside of 
the tubes, through which fresh air is 
pushed into the furnace ; and the cooler 
in this manner performs two functions, 
viz. it heats the air on its . way to the 
furnace, and it cools th« air after it has 
left the furnace. The machine is pro- 
vided with a second cooler, technically 
termed the *^ water cooler ; " but this 
is an addition made merely for the pur- 
pose of experimenting. The water 
cooler is arranged somewhat in the 
manner of an ordinary surface condenser 
of a steam engine, with the only differ- 
ence that, instead of exhaust steam, the 
air coming from the air cooler is passed 
through it. This water cooler can be 
filled more or less with water, and 
the water can be renewed at a faster or 
slower rate. By this means, its cooling 
efiect upon the stream of air can be 
varied so as to obtain the dry air finally 
at any desired temperature between 
150° F. (the temperature to which the 
air cooler reduces it) and 60 F., or even 
less if desired. The water cooler is 
never used in drying machines when not 
required for experimental purposes ; for 
actual practical work an air cooler alone 
is used, and its size is so chosen as to 
reduce the temperature of the air to 
the desired degree. The goods to be 
dried are stacked on trolleys and run 
into the compartment, care being taken 
to put the heaviest stuff first, because 



it requires a longer time to get dry. 
The agitators .are worked from bevel 
gear overhead, and are placed over the 
main flues by which the dry air is con- 
veyed to the drying chamber. A hole 
about 10 in. diam. is cut in the top of 
the flue below each of the agitators, and 
the air streaming up through this hole 
is scattered about by the fans of the 
agitators, so as to penetrate the inter- 
stices left between the stacked goods. 
In this way the whole of the surface is 
evenly surrounded by a gentle stream 
of dry and comparatively cool air. The 
air, as it passes through the stack, be- 
comes charged with moisture, and if it 
were not quickly removed, it would 
impede the further process of drying. 
To facilitate its removal, exhaust fans 
are arranged to draw the air through 
the hollow lining of the walls of the 
drying chamber, and discharge it into 
the atmosphere. The whole air contents 
of the drying chamber, when full, are 
changed every two minutes. At the 
time of our visit, we saw in the drying 
chamber mahpgany boards 2^ in.-3| in. 
thick, oak flooring, also some walnut gun 
stocks, a large pile of billiard cues, and 
a big parcel of pine deals 12 ft. by 9 in. 
by 3 in. The best proof that the drying 
of the wood is effected without warping 
lies in the fact that billiard cues can be 
successfully treated. Boards 1 in. thick 
require to be left in the drying chamber 
for about a fortnight, 2-in. stuff would 
be left in a month, and so on in propor- 
tion to the thickness for heavier stuff. 
We may take it that to stack mahogany 
boards in the open air in order to season 
the wood in the old way, would cost about 
65. a square, that is, inclusive of ground 
rent, fire insurance, and interest on the 
capital lying idle. The timber will in 
that case take about twelve months to 
become seasoned. If artificially dried, 
the process will be completed in a fort- 
night at a somewhat smaller charge 
than Qs. per square. Thus the artificial 
method is not only cheaper, but it has 
the great advantage of enabling the 
money to be turned over quickly, in- 
stead of lying idle in stacks. (^Indu^ries,) 
Water ovens.— In Fig. 20 is shown 
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square box A, tupported over a Fletcher's 
Bolid fluDC burner. The top of the box, 
15 X 15-5 in., IB formed by a brasa 
plate, i \a. thick, which thus is stiff' 
enough to anpport aconsideruble weight 




proj. 

tarns up it a right angle. At 
Btop-cocli, which is connected bj a 
rubber tube with the glass tahe, 
which is faitened against the adjc 
wall. Connected with C by a r 
joint is B i-lD. block Ud tube of ! 
length, which ei tends np the wi 
the mannet thown to the highest j 
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T, and thence returns and ends just orer 
the slightly fnnDeUhaped top of the 
glass tube at D. The bath boing filled 
with water to just the li:vel, U 6, mny 
be kept constant by boiling for many 

the Btearo being coniicnsed in its passnge 
up, or, if uncondensed before it reaches 
the point, T, in its passage down the 
block tin tube. In fiat-boltomed pla- 
tinum or porcelain capsules, evaporation 
gccB on Tery rapidly when placed on top 
of this water-bath. The whole surface 
ofthe ba*h is nickel plated. (Jmmat 
of Analytical CAemiitry.) 

Uechanicil Uetuods.— Foremost 
among mechanical appliances fot this 
purpose tanks the centrifugal machine, 
or hydro eitrnctor. In principle this 
apparatus consists o( an upright drum, 



hich c 









with 
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drum may have its sides constructed of 
sheet metal, perforated with a multitude 
of line holes, of wire gauze properly sup- 
ported, or of basket work, according to 
the nature of the su balances to l>e 
tre.ited. The drum, being charged 
with material, is set in quick rotation. 
The water present is thus expelled 
through the perforated sides in the fonn 
of ■ fine shower. This process is eiceed- 
ingly well adapted fur remoring the 
greater part ofthe moisture from cloth, 
yam, unspun wool, ic. ; also from crys- 
talline and granular lubstances. It is 
not so well adapted for drying wet 
powders, pastes, Slc, since in such cases 
a very considerable proportion of the 
solid matter is projected sway along 
with the liquid, bo the holes may get 
choked ap. Thus it baa not hitherto 
been found satisfactory for drying 
sewage mud. Its use requires, further, 
special modiflcntlons where the liquid to 
he got rid of is not pare water, but holds 
useful, or hartful, matters in solution, 
A recent very simple improvement has 
considerably extended the use of the 
hydro extractor. The materials, instead 
of being pot into the drum loose, are 
inclosed in bags of some suitable 
material, thus preventing the disper- 
sion of the solids. Thia method has 
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been rery successfallj adopted with 
butter, it must, however, be remem- 
bered that no gubstancei especially if of 
organic nature, can be rendered abs.o- 
lately dry by the use of the hydro ex- 
tractor. 

Another mechanical agency for desic- 
cation is the press, more especially 
that device known as the filter press, 
which has proved itself invaluable for 
separating solids from fluids when the 
latter largely predominate. Tiiis appa- 
ratus contains a number of cells, each 
consisting of a couple of cast iron plates 
lined, when in use, with suitable cloths. 
The inner surface of each plate shows 
a number of ridges. The liquid paste 
is forced by a pump, or press, into each 
cell through an aperture, and the water 
escapes through the cloth, and trickles 
down between the grooves formed of 
the ridges to the pipe at the bottom. 

In Johnson's press there are several 
improvements. In the centre of each 
plate is an aperture, which places a 
whole series of cells in connection, so 
that a liquid or paste introduced through 
one inlet pipe fills the whole series ; 
grooves cut in the plate facilitate the 
escape of the press liquor to the outlets. 
The number of ridges is very great. 
The press cloths are of different kinds, 
according to the material operated upon. 
The pressure which may be exerted by 
means of steam or air ranges from 50 lb. 
to 100 lb. per sq. inch. 

The filter press, like the centrifugal 
machine, only expels a part of the water 
in mud, &c. ; thus, if a sewage mud 
contains at the outset 90-95 per cent, of 
moisture, it may be reduced by the filter 
])ress down to 50-60 per cent., according 
to the time during which the pressure 
is maintained. It is only in a few cases 
that hydraulic presses, screw presses, 
&c., can be employed for desiccation. 

By cold. — The concentration of 
saline and saccharine solutions by the 
abstraction of surplus water is another 
branch of desiccating. This is usually 
performed by means of heat, as described 
under Evaporating, but may be some- 
times advantageously effected by the 
aid of a low temperature. Thus in 



several countries where severe weather 
predominates common salt is obtained 
from the ocean by exposing sea-water 
in shallow reservoirs to the actioa of 
the frost. The water becoming frozen 
separates from the saline bodies which 
it held in solution, and on being removed 
in the form of ice the latter can be 
collected from the bottom of the 
rece{)tacle ; or repeated coatings of ice 
can be taken from as many freshly 
admitted supplies of sea- water till the 
solution reaches a highly concentrated 
form, needing but little evaporation to 
afford a crystalline product. 

Another direction in which the 
concentration of solutions by cold is 
successfully applied is in warmer 
countries where sugar forms one of the 
agricultural products. Thus in Ohio 
the native women were accustomed to 
expose the syrup as collected in shallow 
pans to the night air, when the cold 
would sufBce to freeze the water and 
form a crust of ice over the thereby 
concentrated syrup below. The bulk of 
the superfluous water being thus got 
rid of, very little further concentration 
by means of fire is neede 1 to produce a 
solid sugar. 

V 

Distilling, (iv. 119-143.) 

Mercury is now so largely used both 
in the laboratory and for industrial 
purposes, such as ore reduction, electric 
engineering, and so on, that a quick and 
efficient means of purifying it is a valu- 
able acquisition. An apparatus for this 
purpose has been devised by J. W. Clark, 
Demonstrator of Physics in University 
College, Liverpool, and was recently 
brought before thq Physical Society of 
London. 

The usual processes for purifying 
mercury are either chemical, such as 
treatment with dilute sulphuric acid, 
&c., or mechanical, such as shaking and 
filtering through wash-leather, or dis- 
tillation, either in vacuo or under the 
ordinary atmospheric pressure. Of all 
these methods the best is distillation in 
vacuo. 

Prior to distillation it is well to filter 
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present by chemical inenns; for ine rate 
of diatJIlatioQ ib tone red bf theie 
impurities. The preaence of O'OOOl 
pnrt of lend ii said by Gmelin Krast to 
reduce the quantity of mercury diitilled 
in fi giren time from 67 to 5. Gold, 
iridium, copper, tin, nickel, cadmium, 
snd nrsenicdo not influence the rate of 
diBtillatioD. 
ThediatillatioQ of mercury at ordinary 

The lirst apparatus Tor dislilling in 
raeuo was probably devised by Weinhold, 
and others hare been designed since by 
Weher, Shaw, Wright, and others. 
The arrangement of Clark, howerer, 
diiTers from all these in the important 
respect of dispensing with an auxiliary 
Sprengel air pump, and in, so to apeak, 
acting as its own air pump. This is 
effected by supplying the mercury to be 
distilled fiom a movable reservoir in 
the form of a cooBtant level reguUlor. 
On raising this reservoir. Fig. !t, the 
mercuty is supplied to the distiller. 




The distiller la ahowB in section in 
Fig. 22, and consists of a lead glass tube 
a 6 36 in. long and about j in. internal 
diameter. Abnnt 2 in. troai its closed 
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upper end is blown a bulb about 2 in. 
diameter. The lower end passes through 
an air-tight cork of rubber, closing the 
top of the cistern dc, and ends at 6, a 
little belowthe tube/. The cistern dc 
is made of glass tube 1 in. diameter and 
12 in. long, and hai two short pieces of 
"quill" tubing «/ sealed into it. The 
lower end is also closed by a cork, 
through which passes a piece of Spren gel 



~ 


11 


/-^ 


J 




i 


rif 


J 



Mercurf stilL 

tube I 36 in. long, and having a piece ol 
quill tubing h about S4 in. long sealed 
into the upper end. The top of tbii 
tube is nearly in contact with a. Th( 
internal diameter of the Sprengel tubs 
should not much exceed 1 mm., and ths 
bend of the lower end is best when not 
much more than 1 in. radius. 
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The base of the stand is a wooden 
tray C D, from which rises a board D E, 
carrying a shelf A £, perforated in the 
centre with a hole allowing the glass 
bulb to pass through it. A large cork 
F is bored with a hole of rather less 
diameter than the tube a 6, and the cork 
is cut in halves. The tube is held in 
position by twisting a piece of copper 
wire round the halves of the cork. The 
cistern is secured by string passing 
through holes in the projecting piece of 
wood B. A block of wood serves to 
support the end of the tube t, and a tin 
cylinder notched round the top, and 
covered with a flat tin plate, keeps the 
bulb surrounded with hot air, while a 
mica window at the side allows the 
height of the mercury in the bulb to be 
easily seen. The pipe of the brass ring 
burner passes through a hole in the tin 
gns plate, and the ring, slightly larger 
than the bulb, is perforated on its 
inside with many holes. 

The constant level reservoir is a large 
glass bottle provided with a tubulure at 
the side. Similar bottles are now made 
for the mercury pumps of electric incan- 
descent lamp manufacturers. Into the 
tubulure passes a glass tube k about 
3 in. long and \ in. diameter. Its outer 
end is closed, and into the upper and 
under sides are sealed two pieces of 
quill tubing Ij, The top of the upper 
end is open, but the lower j is connected 
with the cistern of the distiller by a 
narrow piece ef rubber tubing m, about 
3^ ft. long, inclosed in a canvas tube. 
The '* thistle " funnel t and small glass 
stop-cock S are also fitted air tight into 
the bottle by a rubber tube. The 
reservoir is placed on an adjustable 
table stand on the shelf H. 

To set the distiller in action, the stop- 
cock S of the reservoir is opened, and 
some mercury is poured through the 
thistle funnel t into the reservoir, while, 
with a short piece of rubber tuKing and 
glass rod, the tube e is closed securely 
(Fig. 22) at the top by the cistern. 
Then the reservoir is raised. The 
mercury gradually rises in the cistern, 
and by compressing the air in the upper 
part is forced up the tube a 6, and then 



filling the bulb '^ sprengels ** down the 
tube A I. The reservoir may then be 
lowered to its stand on H, and the 
rubber stopper removed from the tube 
e. The reservoir is set in action by 
attaching a piece of rubber tube to the 
stop-cock S, and sucking out air until, 
passing down the tube /, it bubbles up 
through the mercury in the reservoir. 
Then the stop-cock is closed, and the 
reservoir is adjusted at such a height 
in the stand that the mercury is nearly 
at the top of the bulb in the distiller. 
Thus set in action, the level of the 
mercury in the cistern cd will be kept 
constant until almost all the mercury 
has been distilled. 

To start the distillation, the tin plate 
which covers the cylinder JI is removed, 
and the gas is lighted. A few minutes 
later sutHcient mercury will have 
distilled over to displace the impure 
mercury originally present in the 
narrow Sprengel tube t. 

The reservoir is replenished with 
mercury without interrupting the dis- 
tillation, by placing a screw pinch-cock 
on the rubber tube leading to the cistern 
of the distiller, opening the cock S, and 
pouring the mercury into the reservoir 
through the funnel t. Then a few 
bubbles of air are sucked out of the 
reservoir as already described, the stop- 
cock is closed, and the screw clapip is 
released from the rubber tube. The 
level of the mercury in the distiller 
remains as before. 

Such an apparatus as that illustrated 
will distil about 2 lb. of mercury per 
hour with an expenditure of very little 
gas. Zinc, cadmium, magnesium, and 
other metals may also be distilled by 
the same plan. 

"Water. — ^The arrangement shown in 
Fig. 23, is one that may readily be 
adapted to, and is specially suited for, 
the old fashioned stills which are in 
frequent use among pharmacists for the 
purpose of distilling water. The idea 
is extremely simple, but thoroughly 
efficient in actual practice. The still is 
of thin copper, 2 gal. capacity, and the 
condenser is the usual worm surrounded 
with cold water. The overflow of warm 
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water from the condenser is not run into 
the waste pipe as in the ordinary course, 
hut carried hy means of a bent tube 
A, B, C, to the supply pipe of the still. 
The bend at B acts as a trap, which 
prevents the escape of steam. The 
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Water stl'.l. 



advantages of this arrangement are 
obvious. It is perfectly simple, and 
can be adapted at no expensft. It per- 
mits of a continuous supply of hot water 
to the still, so that the contents of the 
latter may always be kept boiling 
rapidly, and as a consequence it con- 
denses the maximum amount of water 
with the minimum of loss of heat. If 
the supply of water at D be carefully 
regulated, it will be found that a con- 
tinuous current will be passing into the 
still at a temperature of about 180° F., 
or, if practice suggest the desirability 
of running in the water at intervals, 
this can be easily arranged. It is ne- 
cessary that the level at A should be 
two inches or thereabout higher than 
the level of the bend at C, otherwise 
there may not be sufficient head to force 
a free current of water against the pres- 
sure of steam. It will also be found 
that the still should only contain water 
to the extent of about ^ of its capacity 
when distillation is commenced, as the 
water in the condenser becomes heated 
much more rapidly than the same 
volume is vapourised. By this expe- 



dient a still of 2 gal. capacity will yield 
about 6 gal. per day, a much greater 
quantity than could ever be obtained 
under the old system, which required 
the still to be recharged with cold water 
every time 1^ gal. had been taken off. 
The objection to all such 
continuous or automatic 
arrangements is, of course, 
that the condensed water 
contains all the free am- 
monia that may have ex- 
isted in the water origi- 
nally, but it is ODly in 
cases where the water is 
exceptionally impure that 
this disadvantage will be- 
come really serious. (T. 
Maben.) 

EVAPORATINO. 
(iv. 149-171.) 

Acids. — Cast iron re- 
torts are now being suc- 
cessfully employed on a 
large scale in New York for the final con- 
centration of sulphuric acid. It is found 
that acid of 65° B^. does not attack the 
stills, and no injury appears to result 
from the deposition of arsenic or other 
substances. The concentration is carried 
as far as possible in platinum ; the acid 
is then run into the cast iron stills and 
concentrated to 98 per cent. H^SO^. 
It is stated by Mr. Adams, who has 
recently published a report on the pro- 
gress made in twenty years in the con- 
centration of sulphuric acid, that a set 
of iron stills, used in connection with 
platinum, have been in use in New York 
for some time with very satisfactory 
results, as much as 30,000 lb. per day 
of 98 per cent, acid being turned out. 

Quadruple Evaporator. — Ex- 
ample of work done per 24 hours. 
Much interest has of late been exhibited 
in multiple evaporation ; the foilowiug 
actual statement of facts will therefore 
be of service : — 
Feed liquor : — 

Volume 37,200 gal. 

Strength. . 3° Tw. = l-015 Sp. Gr. 

Temperature 82® C. = 180° F. 
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Concentrated liquor : — 

Volume 3,360 gal. 

Strength . . 45° Tw. = 1 • 225 Sp. Gr. 

Temperature 71° C. = 160° F. 
Distilled water : — 

Volume 31,290 gal. 

Temperature 89° C. = 192° F. 
Hot water from vacuum pump : — 

Vol. of water used = 174,000 gal. 

Temp, of injection = 1 1° C. = 52° F. 
Do. of ejection = 43° C. = 1 10° F. 

The weight of water evaporated is 
represented by the difference in the 
weight of concentrated liquid and the 
feed liquor, thus : — 
Weight of feed liquor = 

37,200 X 10-15 lb. = 377,580 lb. 
Weight of feed liquor = 

3,360 X 12-25 lb. = 41,160 lb. 

Lb. of water evaporated 336,420 lb. 

The amount of steam required in the 
apparatus to evaporate this weight of 
water from the temperature of the feed 
liquor, 82° C. (180° F.), was found to be 
5045 lb. per hour, by actual measure- 
ment, which included steam for pumps. 
The exhaust steam from the pamps 
connected with evaporators may, and 
indeed is, 4iow exhausted into the first 
evaporating cylinder to do useful 
ev&porjrtive work. The evaporative 
eflSciency, expressed in lb. of water 
evaporated from 100° C. (212° F.), and 
also from the temperature of the feed 
liquor, may be fairly ascertained as 
follows : — 

a. Evaporative efficiency from 100° C. 
(212° F.). Per hour. 

Total steam used iii-\ c^^c «. 

^i..^:»,. ^..».^« > = o045 lb. 

eluding pumps .. J 

Less steam required to | 

heat feed liquor from > = 506 • 5 lb. 

82° C. to 100° C. . . ) 

Total steam used to evapor- 
ate water from 100° C. = 4538 * 5 lb. 

Water evaporated per hour = 

336^ = 14,013 lb., and 
24 

1^^^= 3-08 lb. of water evap- 
4538-5 *^ 



orated per lb. of steam condensed in 
first cylinder. 

6. Evaporative efficiency from tem- 
perature of feed liquor. 

1MH.= 2-772 lb. of water per 
5,045 ^ 

lb. of steam. 

These results have been expressed in 
lb. of water evaporated per lb. of steam 
used, because before we can arrive at the 
amount of water evaporated per lb, of 
cocUf it is necessary to know the weight 
of steam generated by 1 lb. of coal in 
the steam boilers which supply the 
evaporator. 

It would appear, then, from the above 
results, that the efficiency of any 
multiple evaporator depends on the 
temperature of the feed liquor, and that 
by a quadruple effect apparatus, slightly 
over 3 lb. of water may easily be 
evaporated for every lb. of steam used, 
provided the feed liquor be at or very 
near 100° C. — the boiling point of water. 
When the temperature falls below this, 
the efficiency of the apparatus rapidly 
diminishes also. As above stated, in 
order to express this efficiency in terms 
of the coal it is necessary to know how 
much water 1 lb. of this coal evaporates 
in the steam boilers, and from this 
figure the efficiency is easily obtained. 
Thus, for example, if 1 lb. of coal 
evaporates 8^ lb. water in steam boilers, 
we have 

(1) 3-08x8-25 = 25-41lb. of water 
evaporated from 100° C. by the multiple 
evaporator per lb. of coal 

(2) 2-772 X 8-25 = 22*87 lb. of 
water evaporated from temperature of 
feed (82° C.) per lb. of coal. 

It will be admitted by all practical men 
that heat may be measured and reckoned 
with accuracy if adequate means are 
adopted for this purpose. The distribu- 
tion of'the heat, therefore, during say 1 
hour's work of a multiple evaporator 
may be arrived at with tolerable 
certainty. From our own experience 
the constancy of such results is un- 
doubted, for when once a multiple 
evaporator is set to work under its 
proper working condition with respect 
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to the pressures and volumes and 
temperatare of liquid passed through it, 
the distribution of the heat which enters 
the apparatus amongst the various 
liquids flowing from it, and steam 
condensed in the condenser, are all 
practically constant. To quote one 
case may serve to shovr the nature of 
this heat distribution for the individual 
apparatus under consideration, and in 
a measure for all similar pieces of 
apparatus. The distribution or analysis 
of the heat in the liquids leaving a 
multiple evaporator has an interest 
beyond the mere theory of the subject, 
for by this practical men may arrive at 
a fair understanding as to how, and to 
what extent they may make multiple 
evaporators a valuable adjunct to their 
necessities in connection with its services 
as a concentrator of liquids. They 
yield two abundant supplies of hot 
water — one distilled, the other natural 
water used for producing the vacuum. 
These supplies are inseparable from 
systems of multiple evaporation. In 
many cases they are extremely valuable 
to the manufacturer, more especially 
the distilled water.' Both supplies may 
for instance be used for feeding steam 
boilers, in which case the heat they 
contain is utilised, and may be considered 
to have a commercial value. 

The distilled water, if used for this 
purpose alone, has the further recom- 
mendation of producing no scale. Its 
Volume also is comparatively large, 
amounting, in fact, to about 85 per 
cent, of the volume of the weak liquor 
concentrated, or to that quantity of 
water required for a set of boilers 
burning 15-16 tons of coal per 24 hours. 
On the other hnnd, the volume of the 
water used for the condenser is com- 
paratively speaking, very large, and its 
total consumption for steam raising 
purposes, excepting in the very largest 
factories, is quite out of the question. 
Turning our attention to the distribu- 
tion of the heat which enters the 
evaporator among the liquids which 
leave it, we may employ the following 
method, which will answer all practical 
purposes : — 



Cent lb. units 
per hour. 
Heat entering the apparatus: — 
• Weak liquor (feed) 

377,580 x^O-9 X 82 ^ j^g^ ^^^ 

Steam (60 lb. press.) 

5,054x659 = 3,330,586 



Total = 4,491,607 
Heat leaving apparatus : — 

Concentrated liquor 
41,160X0-6X71 ^ 73,059 
24 ' 

Distilled water 

31,290x^9-7x89^1,125,527 

Condenser water 
174,000 X 10 X32^,^3^^^^Q^ 

3,518,586 



Heat lost by radiation, &c.= 973,121 

Expressing these results in plainer 
fashion we find of the total amount of 
heat entering the apparatus there came 
out in the 

Concentrated liquor = 1*6% 
Distilled water = 25-0^ 

Condenser do. = 51*6v 

Lost by radiation and errors 

of observation = 21*7% 

99-9 

These percentages show clearly that 
about 75^ of the heat entering the 
apparatus is obtained again in an avail- 
able form as hot water; that ^ of the 
heat entered the apparatus in the feed 
liquor, and f as steam. Such calcula- 
tions inevitably direct the practical man 
to some of the most telling points in 
systems of multiple evaporation, and 
guide the manufacturer in arriving at a 
correct conclusion as to their real com- 
mercial value to him. They also serve 
to guide the engineer in adapting 
multiple evaporation to certain manu- 
factures, so as to obtain the maximum 
economical e£fect. 

The foregoing percentages must not, 
however, be confounded with the per- 
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ccntase amoant of heat contained in 
the distilled and condensed waters ex- 
pressed in terms of the steam actually- 
used in the evaporator. The percentage 
recovery on this basis is greater than 
the foregoing. For example, the amount 
of heat contained in the distilled water 
from the above apparatus represented 
33*7% of the steam, and that contained 
in the hot water from the condenser 
represented 69*6% of the steam used. 
It is also evident that in either case 
these percentages may be taken as a 
direct measure of the fuel saved by 
employing either of these sources of 
hot water for steam raising purposes. 
■ The amount of work done, or in other 
words, the quantity of water evaporated 
per hour by multiple evaporators will 
vary according to their construction, 
and other conditions as to the pressures 
under which they work. The heating 
surface of the tubes, through which 
the liquor passes, has doubtless the 
most important bearing on this part of 
the subject. An apparatus containing 
2000 sq. ft. of heating surface in the 
form of thin tubes will, under those 
working conditions laid down as being 
essential to successful result, evaporate 
6-7 lb. of water per sq. ft. 

{Chem, Trade Jl,) 

Illuminating Agents. 

The questiqn as to the actual cost to 
the consumer, everything being included, 
of the light produced by the various 
illuminating agents now in use has not 
yet received a clear and definite answer. 
Careful attention should therefore be 
paid to any evidence which is based 
upon a serious study of the question, so 
that at least some idea of the truth may 
be gained. It is for this reason that we 
reproduce below extracts and tables, 
taken from a paper presented by C. 
Holland, engineer at Mons, to the 
Society of Engineers of the Liege 
Institute, and published in the Revue 
Universelle des Mines. 

According to this author, " it follows 
from the examination of these tables 
that lighting by gas, and even by petro- 



leum, is by no means on the point of 
being replaced by the electric light." 
These tables establish the fiict that 
under the most favourable conditions 
for the production of the electric light, 
that is to say, where spare motive 
power can be applied to its production, 
this system of lighting still costs * 0152c?. 
per candle power per hour (Table VII.), 
while gas, costing 1 * 43d. per cub. metre, 
burnt in the recuperative lamps ot 
Siemens, or still better, of Wenham, 
gives a light which only costs *009604d. 
and even only *006631(f. per candle 
power per hour. (Table II.) 

PETROLEUM. 

The luminous intensity given by a 
petroleum lamp varies considerably with 
the quality of the oil eniployed, and also 
with the quality, the state of cleanliness, 
and the cut of the wick. A badly- 
trimmed wick, or one not cut level, 
gives, for example, a flame which on 
one side is too long, and slightly yeUew 
or brown, because the supply of air at 
that point is insufficient, and on the 
other side is perhaps too small, the air 
supply being there in excess. Now, it 
is well known that under both of these 
conditions the illuminating power 
suffers. 

The management and regulation ot 
wicks is delicate work, and certainly 
ought to be included in an estimate of 
the expense of the lamp. 

Another source of expense in using 
this class of illumindnt is that arising 
from the use of the lamp — repairs, 
consumption of wicks and chimneys, 
losses of oil, and waste used for cleaning. 
(Table I.) 

It may be estimated that these 
sources of expense amount per lamp 
and hour to — 



Expense of lamp . . 
Wicks, chimney, &c. 



0950d. 
0427(/. 

'1377d. 



Finally, to include the additional 
trouble connected with the use of this 
illuminant, such as purchasing the oil, 
storing oil, risk of fire, &c., we think 
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TABLE I. — ^Petroleum. 



Chief Types of Lamp. 



Angle with 
Horizon. 



Angle iXP, 



Candle powei^ « 

Consumption of petroletim of best qnfility^l 

800 grammes per litre / 

Consumption per candle power per hour 
Expense per candle per hour, at \.\d, per litre 
Working expenses per candle per hour . . 
Total expenses per candle per hour 
Total expenses per lamp per hour, 29 candle 
power at 45^ 



) 



40 

90 grm. 

2-25 



29-3 

90 

3-037 
005396(/. 
00465d. 
010051rf. 

2973c/. 



Actual 

Expense, 

25 per cent. 

in excess of 

calculated. 



3-796 
006745d. 
00465df. 
OlHOd. 

■ 

33677c/. 



that the theoretical price ought to be 
increased by 25 per cent. It will be 
observed that the luminous intensity 
diminishes considerably when the photo- 
metric measurement is made at an 
angle of 45°. 

According to the experiments of 
Heim, the loss of illuminating power is 
proportional to the diameter of the 
burner. It is 20 per cent, for burners 
with an ordinary long flame ; about 
35 per cent, for the 30 mm. burners 
used in lamps which give an intense 
round flame, ' and amounts to 5 per 
cent, with 60 mm. burners. It will be 
possible to compare the luminous in- 
tensities of the various systems of lamps 
and burners at this angle of 45°. The one 
class giving the maximum intensity at 
0° (horizontal rays), the other at 90° 
(vertical rays). 

Moreover, lamps are usually employed 
under such conditions that their rays 
are at this angle. 

ILLUMINATING GAS. 

Column 7 of Table IL gives the 
expenses of putting down apparatus and 
mains for candle power per hour, calcu- 
lated on the following grounds : — 

In Belgium the cost of establishing a 
public burner may be estimated at 12$. 
(for private illumination, stations, 
rooms, &c., where more elegant appli- 
ances are used, the cost may rise to 
2O5. or 27s. 9cf. per burner), and main- 
5 



tenance and interest may be taken at 
10 per cent, of this amount, say 
5/. 188. 9(/. per annum. This cost must 
be spread over the entire consumption, 
depending on the number of hours 
during which it is in use. 

Assuming a minimum of 700 hours per 
annum, and a consumption of 250 litres 
per hour, it will be found that at \\d, 
per cub. metre, interest and maintenance 
must be valued at about 6 per cent, of 
the value of the gas. 

The corresponding expenses for a 
regenerative Siemens or Wenham lamp, 
which costs at least 475. 6</. for a con- 
sumption of 250 litres per hour, mny be 
calculated in the following manner, a 
saving of 50 ^^ of gas being supposed : — 





J. 






s. 


d. 


2 ordinary burners 


• • 


value 


2 


5 


2 secondary 


tubes . . 


• • 


*> 


3 


2 


Piping and 


mam 


tube 








(23s. 9(/. 


less 5s. 


Id.) 


» 


18 


2 



23 9 



n. 

One complete regenerative 
burner, giving the same light 
as the two burners above 
Piping and principal tube 
Secondary tube 



47 

18 

1 



6 
2 

7 



67 3 

The expense of maintenance and 

interest is found to be 17 %. 
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We have, therefore, calculated at this 
rate the expenses tabulated in column 7, 
Table II., for the illumiDation giren by 
Siemens or Wenham lamps. 

For Claraond and Aver burners we 
have adopted 10 ^ of the gas consumed 
as representing the corresponding ex- 
])enses. The rate of 6 % remains for 
ordinary burners, the cost of which 
does not exceed 4». 



It must be borne in mind that the 
numbers should vary inversely with the 
number of hours during which the 
burners are employed, since the sources 
of expense remain almost constant what- 
ever be the consumption of gas. 

Before passing to the examination of 
some other modes of illumination, a word 
may 0^ said on the subjects of recupera- 
tion and intense burners. 



TABLE III.— Wateb Gas. 
Photometric tests of Some's burner. 



Consumption per 
Hour. 


Pressure at the 
Burner. 


Candle Power. 


Candle Power 
per Cub. Ft. 


cub. ft. litres. 


in. mm. 






9-66 272-4 


2-25 57-15 


12-85 


1-33 


8-31 234-3 


2-37 60-19 


10-88 


1-31 


7-90 222-7 


2-50 63-50 


12-24 


1-55 


6-70 188-9 


1-75 44-45 


8-48 


1-26 


6-70 188-9 


1-00 25-40 


8-41 


1-25 


5-58 157-3 


3-25 82-55 


9-94 


1-78 


5-10 143-8 


4-50 38-10 


6-85 


1-34 


3-96 111 6 


2-00 50-80 


5-47 


1-38 


53-91 1510-9 


75-14 





Consumption per candle power per hour 20' 

Price of gas at Frankfort per cub. metre 

Cost per candle power per hour 

Working expenses, 10 per cent 

Total cost per candle power per hour 



20 litres. 

712rf. 

0142rf. 

00142(f. 

01567(/. 



TABLE IV. — Magnesium Lamps. 





Illuminating Power. 


Without Reflector. 


No, of 
Ribltotis. 


With 
Reflector. 


Without 
Reflector. 


Candle 

Power per 

Ribboa. 


Consumption 

per Hour 

par Ribbon. 

grra. 


Consumption 

per Hour 

per Candle. 

grm. 


Total Cost 
per Candle. 
Magnesium 
at 14s. 6(2. 
per lb. 


1 
2 
4 
6 
8 


150 
237 
450 
700 
950 


3,200 

5,880 

8,000 

11,300 

17,000 


150 

118-7 

112-5 

117 

117 


16-7 
16-7 
16-7 
16 '7 . 
16-7 


0-1114 
0-1410 
0-1480 
0-1415 
. 0-1430 


•0418d: 
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Table v.— Electrio light— arc lamps. 

(Heim.) 



Diameter of Carbons . . 
Length of Arc . . . . « . 
Angle with horizon .. 

Candle power 

Electric work in volts amperes 
Volts amperes per candle'^ 

power / 

Candle power per horse power 



Circuit Lamp 
of Pieper. 



6*7 mm. 
2 

126 



>» 



5-0 
2 

45° 
377 



160 .. 153 

1-27 ..0-405 

433 .. 1360 



Piette Erizich 

(Schnckert) 

Differential Lamp. 



1-0 .. 

4 ..4 

0° .. 45" 

220 .. 1,420 

414 .. 410 

1-88 .. 0-291 

293 .. 1,890 



Siemens and 

Halske 

Differential Lamp. 



14 .. 

.. 4«5 

0° ..45° 
575 .. 3,830 
918 .. 912 

1-60 .. 0-238 

344 .. 2,310 



TABLE VI. — ^Incandescent Lamps. 
(After Heim.) 







Electric 


Volts 






Types. 


Candle 


Work In 


Amperes 


Candle 


Lamps 


Power. 


Voltd 


per 


per H.P. 


per H.P. 






Amperes. 


Candle. 






Edisoii lamp, old model . . 


16 


72 


4-50 


122 


7-6 


„ new „ 


16 


60 


3-75 


147 


9-2 


Swan lamp, old „ 


16 


66 


4-13 


133 


8-3 


„ new „ 


16 


56 


3-50 


157 


9-8 


Siemens and Halske 


16 


52 


3-25 


169 


10-6 


Bnstien (Cannstadt) . . 


16 


56 


3-50 


157 


9-8 



TABLE VII.— INCANDESCENT LAMPS. 

Price per 
Kind of Installation. Candle Power 

per Hour. 

Priv&te installation for 200 lamps at least, with special motive 

power •0294(f. 

When a part of the labour is on hand and an excess of power 

can be utilised for the production of the light *0152d. 

Special installation for private lighting *0446cf. 

{Chem. Trade Jl) 



The luminous intensity of a flame 
increases very rapidly with its tempera- 
ture, and may be approximately 
represented by an expression of the 
form I = a*, when I is the intensity of 
the flame, and * its temperature. The 
great increase of intensity obtained by 
superheating the air may thus be- con- 



ceived, when it becomes sufficient to 
sensibly increase the temperature of the 
flame and so produce a more efficacious 
combustion. In the Siemens and Wenham 
lamps the air may be heated to 400°— 
600°C.,but the apparatus soon wears out 
if the latter temperature be habitually 
employed. 
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To render the recuperation rational 
and efficacious it is essential that the 
apparatus be so arranged that the 
air is heated by the products of com- 
bustion, and not simply by tHe flame of 
the bumeVf for this can only give up part 
of its heat at the expense of its illumi- 
nating power. 

It has not been found advantageous to 
strongly heat the gas itself; on the 
contrary, deposits are thus formed which 
rapidly block up the orifices by which 
it escapes from the burner. 

For a given consumption of gas there is 
a definite supply of air which corresponds 
to a maximum of Itaninous intensity. The 
determination of this quantity is of 
special importance when ordinary 
burners with cold air are employed; 
but even when hot air is supplied it is 
still important to ascertain exactly the 
draught which corresponds to a 
maximum of illuminating power. 

Everyone can convince himself of the 
effect of the draught or volume of air 
brought into contact with luminous 
flame on its illuminating power by 
simply placing a glass chimney on the 
top of the glass of an Argand burner, so 
that the height of the chimney is doubled. 
It will be observed that the flame im- 
mediately becomes lower and throws a 
less powerful light on surrounding 
objects, although it may itself become 
whiter. Inversely, the intensity of a 
flame, which is burning with an excess 
of air, may be increased by diminishing 
the supply of the latter. This increase 
continues until the flame becomes brown 
towards the top, after which further dim- 
inution of the air supply causes a rapid 
diminution in the brightness of the flame, 
the combustion then becoming incom- 
plete. 

This experiment justifies the conclu- 
sion that for burners with cold air the 
maximum of light corresponds to the 
minimum of air which permits of 
complete combustion, and that the 
yellow flame is more economical than a 
white flame obtained by means of an 
excess of cold air. 

When the air arrives at the burner 
Ideated to 500^ C.} the influeape of the 



draught will, of course, not be so great, 
but it must be remembered that the 
temperature of the flame expressed in 
degrees is twice as great as this. 

The economy effected by these intense 
flames, that is to say, flames produced 
by a large amount of gas, may be 
explained by the facts that, in the first 
place, the amount of air immediately 
surrounding the flame is smaller for an 
equal volume of flame than in the 
ordinary burner, and that the loss of heat 
is thus also rendered smaller ; and that in 
the second place the surfaces and volumes 
of neighbouring parts of the apparatus 
so situated as to be capable of absorbing 
heat from the flame are also smaller in 
proportion to the gas consumed ; finally, . 
a wide flame consists of an interior cone 
of gas, surrounded by a thicker inban- 
descent layer (which must be traversed 
by the air) than is the case in a narrow 
flame burning the same volume of gas. 

On account of these various circum- 
stances the temperature of a large 
flame is appreciably higher than that of 
a small one, and hence arises its greater 
illuminating power. This luminous 
intensity therefore, results from a more 
effective combustion, which produces an 
increase in the light radiated from the 
flame. 

Filtering, (iv. 172-1 

Water.— (a) A new filter, invented 
by Dr. William Paulson, of Lough- 
borough, is shown in Fig. 24. It has 
been designed with a view to use an 
entirely inorganic, and at the same time 
a durable and powerful germicide as 
filtering medium, which, while not a 
mere strainer, can be easily and cheaply 
renewed. The basis of the filtering 
medium is coke, the power of which is 
increased by a silicate dissolving with a 
clean surface sufficiently to destroy 
germs, but not to make the water un- 
palatable. The method of renewal 
adopted is to place the filtering-jar in a 
hot oven ranging from 400° to 600° F., 
a temperature at which all absorbed 
impurities are charred. The flat vapid 
taste of filtej'ed water \s obviate4 b^ 
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testoring to it a small proportion of car- 
bonic acid gas. This it done bj osiag 
lu a lid s flat bottle with a strav hole 
in the side to allow the eecape of gas. 
A imaU i^oontitj of acid and aoda and a 
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glaaa of water ars then placed in 
bottle, and the result ia a sparkliog 
palatal>lo filtered water. 

(6) The Johnson filter (Figa. 25, 26) ia 
both mechanical and chemical, and 
applicable to both domestic and indn 
trial uses. Fig. 25 showa the domes! 
BtjU, and Fig. 26 girea the internal a 



ent of i 



The 



through the pipe ahown at the npper 
part of the engraving, traverses a " ' 
of prepared carbonised paper, B, 
reaches a metallic plate, D, from whence 
it flows off at E. This plate D, Is put 
in place by means of a sirew, F. The 
disk of filtering paper may be changed 
with the utmost eaae, and the operation 
may be performed by the most ineiperi- 
enced domestic As the entire appratns 
ia of iron, there ii no danger of breaW- 



ro other styles in which the filter- 



laks are sopeipoaed, so that aeieral 
of them operate at one and the eame 
time, and thus gire a much larger 
qoantity of filtered water within the 




Jobnson's Biter. 



same period. By thns superposing the 
filtering parts, the inventor has been 
enabled to conatrnct a Urge industrial 
model that is much used in breweries 
and that is capable of furnishing mora 
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than 130,000 gal. of filtered water per 
day. In the small apparatus the filter- 
ing material is a special paper composed 
solely of purified cotton fibres and bone- 
black freed from all phosphates. In the 



exact impressions of the grooves in the 
upper part of the porous vessel and the 
adjacent faces of the socket and cap of 
the apparatus. This forms a very 
tight joint without exerting a stress 




Johnson's filter. 



large filters, which resemble barm 
presses and are managed in the same 
way, paper is used in conjunction with 
specially prepared cloth. {La Nature,) 
(c) The Malli^ filter (Figs. 27, 28) 
utilises the pressure of the city water 
to forpe the latter to ooze through 
porcelain, which retains in its close and 
imperceptible pores all organic germs. 
His apparatus consists of a porcelain 
filter, properly so called, which the 
water enters under pressure through 
a tube affixed to a cock. This filter is 
inclosed in a thick earthen vessel, which 
is affixed to a metallic support by a 
bayonet catch, and which serves to 
protect the porcelain and collect the 
purified water. The apparatus is made 
tight through rubber washers of circular 
or elliptical section, which t(ike the 



that might break the neck of the porous 
vessel. The lower part of the entrance 
tube is narrowed, and serves as a seat 
for a conical valve carried by a rod that 
rests upon the bottom of the filtering 
vessel. In case of a breakage of the 
latter, the valve closes. Owing to the 
automatic operation of this safety 
apparatus, no accidental flooding and no 
discharge of unfiltered water is to be 
feared. The cup constitutes a true 
reservoir that contains a certain quantity 
of compressed air, which, thanks to its 
elasticity, tends to prevent breakages 
that might occur through the ram 
strokes of the water under pressure. 
Besides, the air dissolves in the liquid, 
and so the latter, on making its exit 
from the filter, is charged with minute 
globules of it *, hence the name '^ aeri- 
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filter " that the inventor has giren the 
apparatus. Since the action of filtra- 
tion is exerted from within oatwardly, 
salts of yarions kinds may be put into 
the interior (so as to obtain artificial 
mineral waters), or special materials for 



exceedingly slow, but the filtrate often 
passes turbid even through paper of the 
closest texture. To filter such a fluid, 
Fresenius advises to dilute with water, 
add some recently ignited asbestos, and 
shake the mixture vigorously. After 
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MalUe filter. 



decolorising liquids, or, finally, ice 
(even impure) for cooling the water in 
summer. A simple apparatus is capable 
of filtering 9-10 gal. per day, according 
to the pressure of the water. By modi- 
fications in its proportions and con- 
struction a larger quantity of water 
might be filtered. 

Laboratory HCetlxods. — (a) 
Viscid liquids, such as are obtained in 
processes of artificial digestion, may be 
filtered, according to Fresenius, by the 
aid of finely picked asbestos fibre. Not 
ppl^ 19 %\\^ fiUrat|on of svQh ^uids 



about 12 hours the suspended matters 
will have subsided, leaving the super- 
natant-liquid perfectly clear. This is 
to be siphoned off, and the residue to be 
washed once or twice by decantation, 
and then passed through a glass funnel 
the neck of which contains a pellet of 
asbestos. If the first part of the filtrate 
runs off cloudy, it is returned to the 
funnel until it passes clear. 

(6) A funnel for filtration in absence 
of air, is shown in Fig. 29. The funnel 
has a cylindrical rim 1-2 cm. high, 
covered with a lid provided \n t)ie gentry 
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with a neck. Into this fits a cork and 
bent glass tube. The funnel is fitted 
into a filter flask, which has a side tube. 
By connecting the tube of the funnel 
with that of the flask by a piece of rub- 
ber tubing, the exterior air is excluded. 



29. 




FiUeriog Tunnel. 

In case a particular gas is required, the 
funnel is then provided with a double- 
bored cork. Through one opening the 
gas is introduced, and it passes out 
by the other, a connection being made 
with the filter flask as before. 

(c) An apparatus for filtering and 
drying very oxidisable precipitates is 
shown in Fig. 30, and is constructed of 
glass with the exception of the cover C, 
which is of brass. The tube G, which 
is connected with the brass tube M by 
the cork F, is bent over and unites with 
a small flask containing the precipitate. 
This small flask has a cork with three 
holes, one for the tube G, a second for 
a glass funnel, and the third for a tube 
connecting with a gas generating appa- 
ratus. When all connections are found 
to be air-tight the tube C is connected 
with a water pump, and the cock £ is 
opened ; the precipitate is drawn over 
by lowering the tube G into the pre- 
cipitate in the flask as soon as the 
apparatus is filled with the indifferent 
gas. The precipitate collects on the 
fy^nel A* vad. di§till^ w»ter ciin be 



drawn over to wash the precipitate 
there, by pouring down the funnel in 
the small flask. By opening the tap D 
instead of £, the filtration can proceed 



30. 




Precipitate filter. 

more slowly, and this tap is also useful 
with very muddy precipitates. To dry 
the precipitate, the cork E is replaced 
by another without an opening, the 
glass tube G is fused off, and the upper 
part B of the apparatus is removed from 
the lower part A, and transferred after- 
wards to a drying oven. 

(d) A filter support, which is an 
improvement on the arrangement for 
rapid filtration described by Fessenden 
in (/) below, is shown in Fig8.31-3. It is 
made from platinum wire, copper wire, 
or any other suitable material, and 
bent in the shape shown in Fig. 33. A 
paper, folded a? 4e9cr|bed by F^89ep4ei), 
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is pushed in between the wires, a and 6, 
Fig. 31, which serves the same purpose 
as the glass rod, that is, to support the 
inner folds of the filter; whereas the 
ring, € /, supports the outer folds, giving 
the whole an appearance of a paper 
foriAed with two compartments. This 
may now be placed in a glass funnel, or 




being entirely independent of the 
customary retort-stand. It uses vesjr 
small circular filters 3| in. diameter, 
and yet filters many^ times faster than 
the largest heretofore used, doing its 
work thoroughly, and absolutely with- 
out attention, no matter how large the 
amount to be filtered. It is got ready 

33. 



3?. 




v:^ 




Filter supports. 



used alone simply by suspending it over 
the beaker as in Fig. 32, the liquid 
following the wire and dripping from 
the point, g. As & means of drying 
precipitates on the iilter, it is far 
superior to the old way of placing the 
glass funnel with its filter in the drying 
oven, as the air has access to the paper 
from all sides, whereby it dries much 
more rapidly and thoroughly. For a 
7j-in. filter, a support of -sV^O' platinum 
wire, with the ring, c /, 2^ in. diameter, 
and the wires, a and b 3 in. long, gave 
excellent service. A glass rod bent as 
indicated by Fig. 33 works very well. 
(^Chemical Kews.) 

(e) An automatic rapid filter is shown 
in Fig. 34, which indicates the manner 
of its operation from a cominou table, 



quicker than the funnel, never breaks 
the filter-papers, and has no metal 
contacts. One of its strongest points 
is in filtering very small quantities as 
well as large. The former are run 
through in a moment's time without 
tedious dropping, as by the funnel. 

(/) The use of filter pumps, as every 
chemist is aware, does not, in a very 
great number of cases, facilitate filtra- 
tion : first, because a dense layer of the 
precipitate forms next the paper, which 
continually requires to be removed, 
and second, if any considerable pressure 
is used, particles of the precipitate will 
pass through. To increase the surface 
seems to be the better plan. Plaited 
filters partially effect this, but the 
precipitate cannot be easily detached 



from tbcDi, and the; ure tranblesome 
to prepare. Ribbed funnels, while also 
tin improvement, have odIj one eide of 
the JijUr for use, the other side being 
covered with three thicknesses of filter 




paper. The following method (Fig. 
35) eaablea filtratione to be made 
veiy rnpidif, and in such a maaaer 



threi 



I the 






I from hin 



The filter is then gathered (Fig. B), 
nnd H piece of glass rod, bent at a ver; 
acute angle, is inserted in the cleft of 
the filter (Figs. C and D), thus giving 
a fUtration isrfacc of nearly four times 
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the asual one. Tlie filtration being 
complete, the glass rod is grasped by 
the projecting endi and lifted from the 
funnel, bearing the filter upon it. One 
end of the filter paper is then bent 
down, and the precipitate ii easily 



rod, a plate of glasa (Fig. P) ribbed on 
both sides. Thia renders the filtration 
very rapid Indeed, and if it were made 
by the manufactureri of chemical 
apparatus, would no doubt be used. 
(R. A. Fesieaden.) 

(gt The prodnction of a partial 
Tacnum within the vessel receiving the 
filtrate haa lon^ been employed in 
chemical manipulationa for the sepa- 
ration of dense precipitates, and also to 
save time in the ordinary processes of 
filtration required in the practice of 
chemical analjsia. There is no reason 
why, in the absence of a centrifogal 
machiae, the filtering of gelatine emul- 
aions should not be hastened In a similar 

an efficient . filter-pnmp can be manu^ 
facturcd. 

A good many vacnum punipe, worked 
by a flow of water, have from time to 
time been introduced to the notice of 
the public, but the majority of them 
■re not completely satisractory. BuQ' 
sen's is perhaps the best ; but iti 
production requires the aid of skilled 
workmanship, and the outfall tube 
must be at least 32 (I. in length. This 
altogether forbids its use except upon 
the upper floor of a building. 

The pump to he described was desired 
by A. P. Smith some years ego. The 

upon that of Giffard's injector. A 
cistern of water, such as is to be found 
in every house, is all that is needed for 
a water supply ; but the greater the 
head of water, the greater the power 
of the pump. If the water can be lud 
on from the main supply, nothing 
further could be desired. 

Although a good head of water — 
and, therelbre, pressure — is desirable, 
it by no means follows that a large 
quantity of water ii required: It is 
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desirable to attach a screw pinch-cock 
on the rubber tube which connects the 
pump with the water supply, so as to 
govern the quantity flowing through — 
a condition easily acquired by a little 
observation and practice. 



The construction of the pump offers 
no difficulty to anyone who can bend a 
piece of glass tubing, draw out a jet, 
and bore a hole in a cork ; this last is 
perhaps the most difficult of the three. 
Procure a glass lamp chimney about 



SS, 



Jk 



J) 






Methods of folding paper filter. 



The greater the pressure of water, 
the greater the power of the pump, 
which is capable of lifting a column of 
mercury equal in height to that of the 
barometer at the time being minus the 
tension of aqueous vapour (the colder 
the water, therefore, the better). How- 
ever, the pump will work very well, 
and lift 15 in. or moye of mercury with 
ft head of 10 ft» 



23 cm. in length, and some glass tubing 
of an internal diameter of about 6 mm. 
Fit two sound corks to the ends of the 
lamp chimney. Through the centre of 
the upper cork pass a glass jet with a 
short nozzle (Fig. 36). Through the 
lower cork pass another jet, having a 
long sloping nozzle. The diameter of 
the holes at the ends of the jets may be 
about 1| or 2 mm. (The size really 
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same liifi. These two jets i 
diatnetricHll^ opposite each omer, ana 
nearly in contact so that water fiowing 
dowQ may pan nnoothlj out of one 
into the other, nithoot striking tht 
edge and spurting off into the chimney 
glass, A Tacnum is produced at thil 
point. This Is really easy to accomplish, 
hoveTec difficult it may appear on 
paper. Adjust an eihaust tnhe through 
the upper cork, and, fo malie the whole 
■flbir like an instrument that is intended 
to wDi'k, and not like a model, mount 
it aa In Fig. 37, where A is the pump, 
BCD the exhaust tube ; hnt at B 
insert a three-nay inetHl tube, and 
attach a barometer tube (s^ine tubing 
aa before), which dips into a vessel of 
mercury. The junctions with the 
metal tube may be made either by goed 
corks or rubber tied on with wire (the 
glass tube must project inside the metal 
tnbe in any case), and all the junction* 
well coTeredwith several coata of ahellao 
varnish. The glass tubes may be fiied 
to a board in the manner shown in Fig. 
38, by cutting a groove in a piece ot 
cork, and screwing a strip of tin oi brass 
over the whole. 

The final aJjustment of the jets can 
only be made while the water is llowing, 
nnd the barometer tube, or the eihaust 
tube, is dipping unde 



D when the 



pump 



I doing 



best. When the proper positiou has 
been found {{generally obtained by 
twisting the jet, as the point is sure 
not to be quite central), the corks may 
be coTCTsd with electrical cement, or 
■ereral applicatioiu ofshellac varnish. 
The filtering bottle requires no specinl 
description. Care must be taken to 
hare a souod cork, and it is aa well to 
aoak it in melted paraHin to fill up the 
pores. The rubber which connecia the 
bottle with the exhaost must be as 
thick aa possible, and the ends of the 
glass tubes must be placed in contact, 
or the rubber will be flattened by the 
pressure of the ntmoipbere, and close 
the tube. A particular kind of rubber 
tubing is manufactured specially for 
auch purposes as these, and cannot well 
be squeezed £at, aa it has a diameter of 
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2 cm., and a bore of only 4 mm. 
However, ordinary black rubber tube 
will do very well for most purposes. — 
(^Yearbook of Photography.^ 

(h) Some precipitates are so exceed- 
ingly 6ne tuat the best filtering 
paper is incapable of retaining them. 
In such cases the difficulty may be 
overcome by stirring up with the liquid 
to be filtered a little finely-powdered 
French chalk (or paper pulp obtained 
by dissolving filtering paper in aqua 
regia and reprecipitating in water) ; 
this settling on the filter closes the 
pores of the paper still further, and 
prevents the passage of the precipitate. 
When filtering hot liquids which are 
very acid, or have a high specific 
gravity, much annoyance may be caused 
by the repeated breakage of the filtering 
paper. This can genei ally be prevented 
by supporting the apex of the filter on 
a strip of muslin laid across the funnel, 
or by using papers which have been 
steeped in 1*42 nitric acid for a few 
minutes, washed and dried, whereby 
the papes is greatly strengthened. For 
this purpose, also, an extra strong 
variety of filter paper has been intro- 
duced commercially, the peculiarity 
consisting in a network of linen threads 
interwoven with the substance of the 
paper during manufacture. 

The ordinary funnel with sides at an 
angle of 60° is not adapted for very 
rapid filtration. The long French form, 
having a length about twice that of the 
widest diameter, yields much better 
results, and used in conjunction with a 
plaited filter paper gives the greatest 
rapidity of filtration which it is possible 
to obtain with the simple paper and 
funnel. Two forms of funnel, each 
the subject of a patent, have been 
introduced with the view of lessening 
the disadvantages of the ordinary 00° 
funnel. The first is furnished with 
straight projecting ribs on the interior, 
which to a great extent keep the paper 
from close contact with the sides, and 
this certainly aids filtration consider- 
ably. The second is of more recent 
introduction, and may be described as a 
funnel of the ordinary shape enclosing 



the body of a slightly smaller funnel 
perforated all over with small holes, 
and kept from contact with the outer 
funnel by 8 projecting ribs, the whole 
being made of earthenware in one piece. 
The space between the inner and outer 
bodies of the funnel is closed at the top, 
and a circular hole is provided in the 
latter, which may be closed airtight by 
a stopper. The patentees claim that 
this funnel may be used for a variety 
of purposes besides that of ordinary 
filtration, such as vacuum filtering, 
washing precipitates automatically, 
dialysis, &c., besides being a great 
improvement on the usual pattern. 
The following is the result of a com- 
parative experiment with the above 
funnel. Time required to filter 4 pints 
of liquid, — No. 1. Ordinary funnel, 
plain filter paper, 50 minutes. No. 2. 
Patent funnel, plain filter paper, 23 
minutes. No. 3. Ordinary funnel, 
plaited filter paper, 8 minutes. The 
high price of the above funnel is its 
chief objection, otherwise it gives very 
good results. 

The most perfect way perhaps of 
utilising a paper filter is that suggested 
by Dr. Symes. He makes a linen cone 
and attaches it at the top to a wooden 
ring resting on an earthen jar. The 
linen forms a support for tho filter 
paper, and a suitable cover prevents 
evaporation. 

There is one point to which great 
importance should be attached in the 
consideration of this subject, and that 
is that there is a certain material or 
combination of material best suited for 
the filtration of any given liquid, and 
much time may frequently be saved by 
carefully noting the filtering medium 
best adapted to each particular fluid. 
For instance, a strong infusion of poppy 
capsules precipitated by rectified spirit 
filters best through swansdown, liquid 
extract of bael through paper, a strong 
infusion of senna precipitated by rectified 
spirit through flannel, &c., and every 
liquid which presents any difficulty 
requires intelligent treatment according 
to its nature. One combination of fil- 
tering materials seems specially adapted 
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to the filtration of symps, flannel 
coated with raw paper pulp. Syrups 
pass through such a filter with com- 
parative rapidity, and the filtrate is* as 
brilliant as it is possible to obtain it 
even through paper of the finest texture. 
The bag should be made of very coarse 
fiannel, and filled with a mixture of 
paper pulp and water which has pre- 
viously been boiled until the pulp is 
quite disintegrated. As the water runs 
through the bag the pulp is left as a 
uniform layer on its interior. 

There are several methods of assisting 
filtration by producing a yacuum in the 
receiving vessel, e. g. with the Bunsen 
pump ; also an arrangement for pro- 
ducing a partial vacuum by connecting 
the receiving vessel with a bottle full 
of water placed at a height and com- 
municating with a similar bottle at a 
lower level. The upper bottle acts as 
an aspirator, and when empty the 
positions of the bottles can be reversed 
and the action rendered continuous. 
The pressure exerted by a column of 
liquid may be utilised in two ways, 
either to force the filtrate through in 
the usual direction, or to make it pass 
upward through the filtering medium. 
In the first case a reservoir is placed at 
a convenient height, from which proceeds 
a tube terminating in a ring or collar, 
to which the filtering bag is securely 
attached, the height of the reservoir 
determining the pressure on the contents 
of the bag. This method is very well 
suited for thick viscid liquids, which 
contain but little sediment, and which 
filter too slowly under ordinary atmo- 
spheric pressure. In the second case the 
filter is attached to the short limb of a 
siphon, so that the liquid passes in an 
upward direction through the filter, and 
herein lies its great advantage, viz. 
that the solid portion of the liquor, 
instead of settling on the filter and 
choking up its pores, tends to move 
away from it towards the bottom of the 
vessel. 

The apparatus employed for centrifugal 
filtration consists of a shallow metal 
box supported horizontally on an axis, 
and capable of being revolved with great 



rapidity by means of suitable gearing. 
Inside is a similarly shaped but rather 
smaller box made of perforated metal 
or gauze, and fitting into the outer case 
so as to leave a space all round. The 
inner case is lined with flannel, forming 
a bag into which the liquid to be filtered 
is poured. On setting the machifie in 
motion, the liquid is powerfully forced 
against the sides of the fiannel bag ; the 
clear portion then passes through into 
the annular space between the two cases, 
and leaves the sediment behind in the 
bag. A high speed is necessary to 
obtain good results. 

Of the various methods just described 
none lends itself more readily to tHe 
filtration of thick viscous liquids (never 
ending sources of difficulty when con- 
siderable quantities are concerned) than 
that known as "upward" filtration. 
In this, advantage is taken of the 
pressure of the atmosphere by using a 
long column of liquid to suck the filtrate 
through. The apparatus usually em- 
ployed for carrying out this process 
consists essentially of au inverted open 
box or cone, over the mouth of which 
the filtering medium is stretched, the 
cone being connected at its apex with 
the short limb of a siphon. The advan- 
tages of this arrangement are that by 
lengthening the siphon leg the rapidity 
of filtration may be increased to any 
reasonable extent, and by its position 
the filtering medium is prevented from 
becoming choked up with deposit, the 
sediment tending to move away from 
the filtering surface rather than to settle 
upon it. If a liquid containing a sus- 
pended precipitate be allowed to rest, 
a zone at the surface becomes clear in 
a comparatively short time, whilst that 
near the bottom still remains turbid. 
As a comparatively clear liquid filters 
much more quickly than a thick and 
muddy one, the position of the filtering 
cone (which must of necessity be placed 
near the bottom of the containing vessel) 
in an upward filtration arrangement is 
hardly correct, as the filtrate is drawn 
from a layer of liquid which is much 
more turbid than that at the surface. 
The correct position of the filtering cone 
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la cvldentljr it ihe inrfaca of the liquid, 
BD that onl; the clearest portion majr 
hare to pass tfaroogh the filter, and full 
Bdvantttge lie taken of the clarifjiDg 
effect of BulisideDce. 

In DTder to orercome the diScultiei 
BncoDDtered, BircT devised the apparatua 
ahowD ia Fig. 39 with a vien- of applying 
the principle of upward Iiltration, avoid- 
ing aiposure to air at any stage of the 
process, nnd keeping the filtering 
medium in the moat advantageoua 
position, viz. at the surfiica of the 
liquid. 

A ia a atoaenare jar, of ahout S gal. 
capacity, plac^ on a shelf at a height 
of 5-S It. above the Tessa! II. It ia 
secured to a hoard C of sultahle dimen- 
siona, perforated by a circular bole q. 
B ia alvooi, 3 in. wide, and alaa per- 
forated by two holes x and r. C, A, 
and B are secnrely fastened together by 
■ atriqg or other BuiUhle means. J is 
the filter proper, and coQsista of a circu- 
lar boi, closed at the top and open at 
the bottom, and about f in. leas in 
diameter than A. J is divided at the 
centre by a partition, which thua forms 
air-tight chamber in the upper 
tion. The tube t passes through 
tnis chamber and commnnicates with 
the lower lialf of A, its upper end being 
connected to the glass tube U by cuhher 
tubing. Over the open mouth of J ia 
stretched the filtering medium, con- 
sisting of three layers, calico, paper, 
and flannel, Ihe latter being on the 
outside. £ is a bar of wood to which 
the glass tubes U and 1 are firmly 
attached, J, H, I, E forming a rigid 
lystem, partially caunterbalanced at its 
centre of graTity by the weight F 
through the cord and pulley G, the 
whole being capable of free motion up 
and down, so that J rises and falU with 
the liquid in the interior of A. The 
tabes U and I work through the holes 
X, r, and q, which serve aa guides, The 
weight P ahould be such that when A 
contains no liquid J jast descends freely 
to the bottom of the jar. K is a piece 
of rubber tabing connecting I and L, >o 
aa to allow of the free motion of I. L 
is a glass tube passing into the bottle H 







Upward Bltratlon. 
red to draw off the filtrate 
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filled with liquid, when, by the buoyant 
action of the air chamber in J, aided by 
the weight F, the filter rises to the 
surface. A cork is inserted in the 
bottom of L, and the end of the rubber 
tube V is removed from I; through 
V and I, I E L and H J are filled with 
liquid (preferably bright). The connec- 
tion at V is again made and secured, 
and a layer of colourless heavy petro- 
leum oil about -^ in. deep is poured on 
the two surfaces of the liquids in 
A and M. As soon as the end of it is 
enclosed, filtration commences and goes 
on continuous! V. The oil is of course 
unnecessary in the case of liquids which 
do not suffer by exposure to air. Glass 
jars, furnished with stop* cocks at the 
bottom, may be substituted for the 
vessels A and M with considerable gain 
in convenience. All joints must be 
bound with waxed thread or wire, and 
thick rubber tubing used, to avoid 
collapse of its walls and consequent 
stoppage of the flow ; the filter J should 
also be well varnished with shellac dis- 
solved in methylated spirit. The con- 
struction of this filter demands but a 
small amount of mechanical skill; it 
works continuously, requires but little 
attention, and perfectly protects the 
liquid passing through it from the 
action of the atmosphere at any stage 
of the operation. 

Explosives. 

Strengths. — Lieut. Willoughby 
Walke, of the U.S. Artillery, has 
recently communicated to the journal 
of the American Chemical Society an 
important paper on the relative strengths 
of modern high explosives, which is 
interesting as illustrating the consider- 
able variation in the comparative 
strengths, not only of different explosives 
of acknowledged value, but of the same 
explosive manufactured at different 
times and under slightly different con- 
ditions. C. £. Munroe has already 
pointed out that the firing point of an 
explosive is also a very variable number. 
In his more recent experiments, a thin 
copper cartridge was placed in a molten 
5 



bath of tin or paraffin, the initial tem- 
perature noted by a thermometer, and 
the bath quickly heated until the 
explosive flashed off, when the temper- 
ature marked by the thermometer was. 
again noted. The following table shows 
some of the results obtained :— 

Description of Explosives. ^'2*de^*a* 

Compressed military gun- 
cotton 186-201 

Air-dried military gun-cotton 179-186 

„ „ „ 186-189 

„ „ „ 137-139 

154-161 

Gun-cotton dried at 65° C. .. 136-141 

Air-dried collodion gun-cotton 186-191 

„ „ „ 197—199 

„ „ „ 193-195 

„ gun-cotton . . . . 192-197 

„ ,, • . • . J.y4— iS/i 

Hydronitro cellulose . . . . 201-213 

Nitro-glycerine 203-205 

Kieselguhr dynamite, No. 1 . . 197-200 

Explosive gelatine 203-209 

„ „ camphorated 174-182 

Mercury fulminate .. .. 175-181 

Gunpowder 278-287 

Hill's picric powder .. ..273-283 

„ „ „ • . * • Ztij—Zv\) 

Forcite, No. 1 184-200 

Atlas powder, 75 per cent. ,. 175-185 

Emmensite, No. 1 167-184 

„ No. 2 165-177 

„ No. 3 205-217 

Lieut. Willoughby Walke, in his experi- 
ments, employed a Quinan pressure 
gauge for registering the pressures 
developed by the explosives, in preference 
to other methods used by the older 
investigators, as even the crushei' used 
by Berthelot gave only approximate 
results, as shown by Sarau and Vieille. 
The instrument employed consisted of a 
heavy block of wood bolted to a cast-iron 
base, in which were 4 iron guides set 
around a 4-in. circle. A steel plate is 
let into the iron block flush with its 
upper surface, and a ring holds the 
guides in place at the top. The piston 
is a cylinder of tempered steel moving 
freely between the guides, and rests on 
a plug of lead which is to be compressed. 
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Composition. — ^The following 


table shows the composition of the 


i more important kinds. 




■ 


% 




B' 


. 6 


• 

o 


^ 


■ 




Name of Powder. 


Sulphur 


i 
t 

X 


Fodium 
Nitrate. 


Potassiu 
Chlorate 


Nitro 
glycerin 


a 
O 


1 


•a 

1 


Other Ingredients and Notes. 


Bennett . . . . 


X 










X 


Ordinary powder with 7 per 


















/ 


cent of gypsum. 


Lannoy . . . . 


X 


X 












X 




Pavey 


X 


X 














+ starch. 


Pyronome . . . . 


20 




52-5 












+ 27-5 tan. 


Ozland .. •. 


16 




85 








IS 




+ 20 lignite. 


Robert Dole . . 


X 


X 










X 




+ 18 dehydrated sodium 
sulphate. 


Schwartz (I.) . . 


9*2 


48'6 


26-5 








14-7 






« (11.) .. 


9'6 


56 


18-1 








15 






Kup .. .. .. 


9 


66 


8 








16 






Budenberg . . . . 


10 


34 


40 








8 




+ 4 lignite + 4 sodium tar- 
trate. 


Kellow and Short 


10 


10 


20 


10 










+ 64 tan. 


Spence 








X 






X 




+ sodium carboiuto or 
starch. 


Vynaud . . . . 




2 










22 




+ 76 barium nitrate. 


Nenmeyer . . . . 




X 










X 




+ potassium cyanide. 


White powder . . 


■ 






1 










+ 1 potassium cyanide + 
1 sugar. 


Dynamite .. .. 










78 








+ 22 sand. 


Paaline . . . . 










80 


20 








Rendrock '« .. 




40 






40 








+ 13 cellulose + 7 pnralHii. 


Oiaftt powuer . . 


8 


40 






36 




8 






Vulcan . . . . 


1 


48 






35 




10 






Mica 










52 








+ 48 mica. 


Hercules . . . . 






1 




77 








+ 2 cellulose + 20 mag- 
nesium carbonate. 


Electric . . . . 










33 








Rest unknown. 


DessignoUes 




50 














+ 50 potassium picrate 4< 
charcoal if used rorcant.uns 
or small firearms. 


Brugeres . . . . 




50 














+ 50 ammonium picrate. 


Tonite . . . . 












62-5 






+ 47*5 barium nitrate. 


Exploitive gelatine 










89 


7 






+ 4 camphor. 


Atlas A 






2 




75 






21 


+ 2 magnesium carbons t^. 


ff .D* • • . ■ 






34 




50 






14 


+ 2 magnesium carbonat . 


Judson (No 2) .. 


13-5 




60 




20 




12-6 






„ (No. 3).. 


16 




64 




5 




15 






Rackarock . . . . 








77-5 


J2'5 








» 


Forcile , . . . 










95 


6 








Gelignite . . . . 




32 






56*5 


3-5 




8 




Pyrollte(l) 
,. (II.) .. 


20 


51 










1-5 


11 




17 


13 


1-7 










12 


+ 6 sodium sulphate. 


Saxifrag!ne(l,).. 














21 




+ 77 barium nitrate. 


American powder 




2 










22 




+ 76 .. 




49 














+ 23 sugar + 2» potassium 




















cyanide. 


Erhardt . . . 




1 




1 






4 




+ 2 tannin material. 


Hahn 




367-5 










18 




+ 46 spermaceti + 168*5 
antimony sulphide. 


Horsley . . ... 








9 










+ 3 powdered galls. 


Spence . . . . 




20 










2 


7 


+ 2 oil + 6 sodium car- 
bonate. 


Roburite . . . . 




X 














+ nitronaphthalenc. 


C!arbodyuami/.3.. 










90 




10 






M^anite .. .. 






X 




X 


X 








Fortis 


X 


X 














+ tan. 


Cordite or Abel. . 










92 


8 








Oreen powder .. 








70 










+ 20 picric acid + 10 po- 


• 


■' 
















tassium cyanide. 



Note, x denotes that the amotmt of ingredient present is unknown. {Industrien.') 
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The piston weighs 12} lb., and the ex- 
plosive is placed in a parabola-shaped 
cavity at its top. The shot was also 
made of tempered steel, 4 in. diameter 
and 10 in. long, and weighed 34} lb. 

The instrument is worked in the 
following manner : — The lead plug is 
placed upon the steel plate, the piston 
is placed gently upon it, and the shot 
next lowered upon it. The fuse is 
lighted, and the charge, in exploding, 
throws out the shot and compresses the 
lead plug. The accuracy of the test is 
based upon the assumption that the 
lead plugs are of uniform density and 
homogeneous in structure, and the 
author, by cutting his plugs from bars 
of pure lead manufactured from large 
masses of metal at a high temperature, 
believes that the error from want of 
these conditions is reduced to a mini- 
mum. The amount of compression is 
finally expressed in ft. lb. by plotting 
the actual compressions measured by 
the Quinan gauge against the work 
actually done on the lead by known 
pressures. The author, however, did 
not plot out his results in this manner, 
but preferred simply to use the method 
for determining the relative strengths 
of the explosives examined, instead of 
calculating from the observed pompres- 
sions the absolute pressures exerted. 
The following table gives a summary of 
the results obtained, the order of 
strength being given in numbers, nitro- 
glycerine having assigned to it the 
value of 100 : — 

n<Hu« ui B»yiu(u*(i. Cylinder, In. Strength. 

Explosive gelatine 

(made by Vouge's 

process) .. ., 0*685 .. 106-17 
Hellhoffite .. .. 0*585 .. 106-17 
Nitro-glycerine (old) 0*551 ., 100*00 
Nobel's smokeless 

powder 0*509 .. 92*38 

Nitro-glycerine 

(fresh) 0*509 .. 92*37 

Explosive glycerine 

(made from above) 0*490 .. 88*93 
Gun-cotton (1889).. 0*458 .. 83*12 
„ (1885).. 0*458 .. 83*12 
Kitro-glycerine(made 

by French process) 0*451 81*85 



«iuuc V. juyivBiTo. Cylinder, In. Btxength. 

Gun-cotton 

(laboratory) 0*448 ., 81*31 

Dynamite, No. 1 ., 0*448 ., 81*31 

Dynamite de Trauzl ' 437 - , . 79 * 31 

Emmensite .. .. 0*429 .. 77*86 

Amide powder .. 0*385 .. 69*87 
Oxonite (from fused 

picric acid) .. .. 0*383 .. 69*51 

Tonite 0*376 .. 68*24 

Bellite 0*362 .. 65*70 

Oxonite (picric acid 

not fused) .. .. 0*354 .. 64*24 

Rack-a-rock .. .. 0*340 .. 61*71 

Atlas powder.. .. 0*333 ., 60-43 

Ammonia dynamite 0*332 .. 60*25 
Volney's powder. 

No. 1 0-322 .. 58*44 

Volney*s powder 

No. 2 0*294 .. 53*18 

Melinite 0*280 .. 50*82 

Silver fulminate .. 0*277 .. 50*27 

Mercury fulminate.. 0*275 .. 49*91 
Mortar powder 

(Dupont) .. .. 0*155 .. 23*13 

(^Industries.') 

FlREPROOPING. (ii. 289). 

Buildings. — ^In the course of a 
recent lecture by Dr. Tanner before the 
Louisville Board of Underwriters, the 
subject of fires caused by steam pipes 
and hot-air flues was discusseU at con- 
siderable length. In the course of his 
address. Dr. Tanner spoke as follows : 

James Braidwood, who was for many 
years chief of the London Fire Brigade, 
made the startling statement in 1846 
that it was his belief that '* by long ex- 
posure to heat not exceeding 212^ F, 
timber is brought into such a condition 
that it will fire without the application 
of light. The time during Which this 
process will go on until it ends in spon- 
taneous combustion is 8-10 years, so 
that a fire might be hatching in a man's 
premises during the whole time of his 
lease without making any sign." 
Among the many instances cited by 
Braidwood in support of this statement, 
is one to the effect that a fire in the 
Bank of England was traced to a stove 
which was resting on a cast-iron plate 
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1 ID. thick, this in turn resting on con- 
crete 2i in; thick, which was supported 
by wooden joists, the joists under the 
stove igi^iting. If this is a cause of fire, 
then the majority of houses heated by 
means of steam, hot water, and hot air 
are in constant danger of fire from spon- 
taneous combustion, since the general im- 
pression prevails that the pipes and flues 
for heating can with impunitv be placed 
in contact with timber. 

In examining this cause of fires, the 
first question is whether wood will char 
at as low a temperature as 212^ F. In 
tearing down house.s for the purpose of 
rebuilding, the timber in contact with 
the heating pipes anJ flues has often 
been found charred. Charcoal is made 
for certain purposes in the arts at 300° F. 
As the result of experiments performed 
in the laboratory, small pieces of white 
pine heated a few hours in an air bath 
at a temperature of 300° F., were par- 
tially converted into charcoal. Con- 
sidering these facts, it must be admitted 
the temperature of 212° F. is sufficient, 
if applied for a long time, to convert 
wood into a partially burned charcoal. 
Accepting this as a fact, the next point 
to consider is the degree of heat at 
which charcoal will ignite. Made 
from the same wood at different tem- 
peratures, the product ignites accord- 
ingly ; that is, if made at a low heat, it 
fires from a correspondingly low tem- 
perature. It has been determined ex- 
perimentally that charcoal for making 
powder, when made at 500° F., would 
fire spontaneously at 680° F., and when 
wood has been carbonised at 260^ F., a 
temperature of 340° F. only was re- 
quired for spontaneous ignition. Under 
certain circumstances, charcoal at a 
temperature of 500° F. even will ignite 
when heated to 212° F. 

So far the discussion of heating pipes 
and flues as a cause of spontaneous fires 
has been upon the false idea that they 
are never heated beyond 212° F, Under 
the ordinary pressure of the atmosphere, 
as when water is heated in the open air, 
it boils at 212° F., but if it is heated 
under pressure, the boiling temperature 
increases accordingly ; for instance, water 



boiling at a temperature of 212° F. is 
under a pressure of 147 lb., equal to a 
column of water 1 in. square and about 
30 ft. high ; if the pressure is increased 
to two atmospheres, the temperature 
required will increase to 249° F., and so 
on, so that when a steam gauge registers 
60 the actual pressure is 75 lb., and the 
temperature at which the water is boil- 
ing as high as 307° F. The higher the 
house, the greater must be the pressure, 
and hence the higher the temperature 
at which the water boils, and it follows 
that the pipes must heat accordingly, 
and it is stated that in some systems of 
hot water heating the pipes have the 
water started through them at a tem- 
perature of 350° F. 

By the system of low-pressure steam 
heating, which is far the most generally 
used, the pressure is only 5-7 lb. above 
that of the atmosphere, with a corre- 
sponding temperature of 228° to 235° F. 
Then, when furnaces are used for 
heating, the temperature in a fine has 
been found to be 300° F., at a distance 
of 50 fb. from the fire. Couple these 
figures with those given in reference to 
the heat necessary to produce charcoal 
and cause its ignition, and it must be 
admitted that these pipes and flues for 
heating are responsible for many fires. 
The application of these facts is as 
follows : After long exposure, the wood 
in contact with the heating pipes and 
flues is changed on the surface to char- 
coal. During the warm season this 
charred surface absorbs moisture from 
the air ; then in the fall comes a cold 
spell and heat is turned on, when the 
moisture is driven from the pores of Ihe 
charcoal, leaving it in a condition to 
readily absorb gases. The cold abates 
and the heat is lowered ; fresh air in 
abundance then passes into the confined 
spaces where the pipes are generally 
placed, rapid absorption of oxygen from 
the air by the charcoal follows, with 
heating and spontaneous firing, as 
already explained. 

The body of the timber is heated, and 
this heat prevents too rapid cooling of 
the charred surface when the fresh air 
passes in, otherwise the charcoal would 
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be placed under circamstances unfavour- 
able to ignition. The experiment of 
burning iron filings in the flame of a 
spirit lamp illustrates the influence of 
division upon the igniting point ; now, 
if the iron is in a pulverulent slate, as 
when made by hydrogen, it will, when 
freshly made, ignite to a red heat when 
shaken into the air. Then, if it is true, 
as stated by an English scientist, that 
the oxide of iron, if placed in contact 
with timber and excluded from the air, 
and aided by a slightly increased tem- 
perature, will part with its oxygen and 
be converted into very finely divided 
]>articles of metallic iron, here is another 
cause of fires from heating pipes. For 
during the summer the pipes rust, and 
then when heated the rust is i educed, 
leaving the metallic iron in the same 
condition as that made by hydrogen. 

The temperature is lowered, fresh 
air appears, and oxygen is rapidly 
taken up by the finely divided iron, 
each particle heating so rapidly as to 
give a red heat to the mass. As 
carbon is able to overcome quite strong 
chemical affinities, and will reduce the 
oxide under strong heat, theoretically 
it is possible, and the authorities all 
tend to prove it. Considering all the 
points bearing upon hot water and 
steam pipes, also heating flues, an 
explanation is found of the great 
number of fires occurring at the ap- 
proach of winter, and which are 
reported as from defective flues, sup- 
posed , incendiary origin, or causes 
unknown. Steam pipes packed in saw- 
dust or shavings to retain the heat 
while steam is conveyed to a distance 
have given fires. One peculiar and 
important instance is on record of a 
fire from steam pipes. In the drying 
room of a woollen mill, a pine board 
was placed some 3-4 in. above the 
steain pipes to prevent wool from fall- 
ing upon them. A fire followed, and 
after being put out, a careful examina- 
tion determined to the satisfaction of 
all, that the heat of the pipes had dis- 
tilled the pitch from several knots in 
the pine board, and this dropping on 
the pipes had ignited a^d caused the 



fire. The illustration needs no com- 
ment, as the lesson is too plain to need 
pointing out. (Dr. Tanner.) 

Fireproof. Whitewash. — ^It is found 
that a most effective composition for 
fireproofing exterior surfaces may be 
formed by slaking a sufficient quantity 
of freshly burned quicklime of the best 
grade, and when the slaking is com- 
plete there is added such an amount of 
skim-milk, or water in its absence, as 
will make a liquid of the consistency 
of cream. To every 10 gal. of this 
liquid are added, separately and in 
powder, stirring constantly, the follow- 
ing ingredients in the oi-der named : 
2 lb. alum, 24 oz. subcarbonate of 
potassium or commercial potash, and 
1 lb. common salt. If white paint is 
desired, no further addition is made 
to the liquid, though the whiteness is 
found to be improved by a few oz. 
plaster of Paris. Lampblack has the 
effect of giving a number of shades 
from slate-colour to black. Whatever 
tint is used, it is incorporated at this 
stage, and the whole, after being 
strained through a sieve, is run 
through a paint-mill. When ready to 
apply, the paint is heated nearly to the 
boiling point of water, and is put on in 
its hot condition. It is found that the 
addition of a quantity of fine white 
sand to this composition renders it a 
valuable covering for roofs and crum- 
bling brick walls, which it serves to 
protect. 

Fireproof Floors. — At a meeting of 
the Society of Engineers, a paper was 
read on the above subject by G. M. 
Lawford. After alluding to the con- 
crete floors and roofs of the Romans, 
the history of fireproof flooring was 
briefly traced, showing how the brick 
arch gradually gave way to the differ- 
ent applications of concrete and wrought 
iron now in general use. The objects 
of fireproof flooring were stated to be 
as follow : — 

(a) To divide the building into a 
complete series of fire-resisting com- 
partments. 

(6) To gain strength, and in so doing 
to ^void lateral ^hpust QU the wi^lls, 
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and to distribate the weight equally 
oyer them. 

(c) To render the floors soundproof, 
as well as fireproof, and 

(d) To secure the building from both 
dry rot and damp. 

Detailed descriptions were then 
given of the following types of con- 
struction as instances of modern prac- 
tice : — 

(1) The concrete arch floor, illus- 
trated by Dennett's and Wilkinson's 
systems. 

(2) The flat, or suspended concrete 
floor, illustrated by Dawnay's, Lind- 
say's, and Gardner's systems. 

(3) The arch blocis, or American 
floor, illustrated by the Doulton-Peto 
system. 

' (4) The flat brick, or French floor, 
illustrated by Homan and Rodgers' 
system. 

(5) The solid wooden floor, illus- 
trated by Evans and Swain's system. 

Several other systems were briefly 
described, as having been introduced 
from time to time with varying suc- 
cess, including those now in vogue in 
French and American practice. 

After contrasting the individual 
floor?, and the different types of con- 
struction, the two leading features 
for consideration were stated to be : — 

(1) Which system gave most pro- 
tection to the iron work supporting 
the floor ? 

(2) Which of the different materials 
employed gave most resistance to 
fire? 

On the first question, the solid 
wooden floor (Evans and Swain's), re- 
quiring no iron work for spans up to 
30 ft., was considered to be the best ; 
but next to it, and certainly in advance 
of the others on this point, was placed 
the Doulton-Peto floor, the hard burnt 
clay blocks, with their overlapping 
bases, forming a most efficient pro- 
tection to the joist. There was little 
to choose between the arched and flat 
concrete floors, as in the former there 
were comparatively few joists depen- 
dent on a plaster covering, while in 
the latter there were 4 to 6 times 



the number of joists, but completely 
encased in concrete ; except in the 
case of Homan and Rodgers* floor, in 
which both T-irons and joists depended 
on a plaster covering. On the second 
question a comparison was made be- 
tween concrete in the different forms 
employed, brick work, terra cotta, and 
solid wood, and it was stated that for 
fire-resisting* concrete, broken brick 
was preferable to coke breeze, as the 
action of intense heat tended to make 
burnt clay harder still, while coke 
breeze would calcine and bum away. 
The flat brick and terra cotta floors 
were both open to the objection that 
the floors were constructed in layers of 
materials differently affected by heat; 
but the terra cotta floor, giving better 
protection to the iron work, was 
entitled to the preference, while the 
solid wooden floor, though inflammable 
by nature, would probably give as 
much resistance as either brick, con- 
crete, or terra cotta floors. A floor of 
the flat brick type, designed and 
patented recently by William Lindsay, 
jun., deserved recognition, as appar- 
ently fulfilling the two requirements 
laid down by the author ; but as it 
had not yet been used, criticism would 
be premature. It was, however, 
observed that the cost and weight 
were less than those of any of the 
similar floors in the appended table. 
The conclusion arrived at finally was, 
that although the floors described 
were capable of giving great resistance 
to fire, retarding its action by confine- 
ment, and in this way giving greater 
chances of extinction, a brick arch was 
the only absolutely " fireproof " floor, 
and that it would be more correct to 
describe the others as '^ fire resisting." 

The houses of the fireproof towns of 
the River Plate are built as follows, the 
material being brick. Each floor, and 
the roof (which is flat), is supported by 
joists of hard wood, about the same 
distance apart as in this country; 
across these are laid flat rails of the 
same, and the spaces between these are 
bridged over by thin bricks 13} in. 
long, their ends resting on the rails;. 
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Table giving Relative Cost, Weight, and Safe Load of a Floor, 12 ft. 
Bearing, in the Different Systems Described Above: — 



Cost per pq- yd. Weight per sq. ft. 



Ar«.h 
construction. 



ExcliiBive InclU"«ive 
of Joists, of joists. 



Dennet 
Doulton 
Wilkinson . . 

Flat construction. 

Dawnay 

Gardner 

Homan and Rodgers 

Lindsay 

Evans and Swain . , 



t. 



6 



d, 
9 
6 




g. d. 

9 3 

9 

7 6 



Exclusive Inclusive Safe load 
of Joists, of Joists, per sq. ft. 

lb. lb. cwt. 



Length of 
arch. 

ft. 
12 
12 
12 



Span. 

ft. 

10 

6 

10 



— .. 7 

— .. 7 

— .. 7 

— .. 7 
10s. 6c/.* 










40 
46 
35 
44 



. . 20 lb. 
• No Joists required. 



2 
2 
2 

2 

7 



Bearing 
ft. 

12 IraniatcriaL 

12 

12 

12 

12 






(G. M. Lawford). 



another layer of bricks is then laid 
with lime, and generally on this a 
layer of flat tiles. The roof is exactly 
the same, but has a slope of about 1 in 
30. Then the doors and windows have 
no boxes, but simply frames, which are 
set up on building the walls, and built 
in. There is no lathing, nor wainscot, 
nor skirting of the bottom of the walls. 
And all the wood is of the hard and 
hardish kinds, slow to ignito Thus 
the houses are, as already said, ab- 
solutely fire-proof. (T. Gibson.) 

Theatres. — The points which, in the 
opinion of the Society of Arts Committee, 
should be attended to in the construction, 
&c., of theatres, may be classified as 
follows : — (a) Structural (including 
arrangements for heating, and with 
special reference to exits). (6) Ar- 
rangement and treatment of scenery 
and accessories, (c) Arrangement of 
illuminating appliances, and stage 
effects ' involving the use of gas, pyro- 
technic compositions. Sec, 

(a) iitructural. — ^These are certainly 
the most important of all. First, the 
building itself should be constructed in 
a manner calculated to check the spread 
of a fire. To this end it should be 
divided as much as possible by fire- 
proof partitions, and above all, there 
should be a division between the stage 
and the auditorium, extending from the 
base to the roof. The opening from 



the stage in this partition should be 
defended by a metal screen, or a fire- 
proof curtain of some sort, though it 
appears, from the experience of the fire 
at the Berlin National Theatre, that the 
iron curtain actually tore down part of 
the wall, so that this means of protection 
has its objectionable features. Perhaps 
the curtain devised by Capt. Shaw, 
which can, in a very few minutes, be 
saturated with water, would be effective 
to this end. There should be an ample 
water supply, either by reservoirs at 
sufficient height, or by connection with 
the street supply — the latter for pre- 
ference. Hydrants, and other proper 
fittings, should be provided in abundance. 
The Committee have bad a favourable 
account of the action, in some ware- 
houses in America, of an arrangement 
for deluging any part of a building by 
a shower of water from fixed perforated 
pipes. Means should be provided for 
carrying off smoke and heated air, in 
case of a fire breakins: out on the 



or 



amongst 



the 



stage 



scenery, so that they 
may pass away, instead of being, as 
would now nearly always be the case, 
drawn into the body of the theatre by 
the draught usually existing. It is 
desirable that a theatre should be, as 
far as possible, separated from adjoining 
buildings, especially from buildings in 
which any trade or business is carried 
on likely to lead to fires, The same 
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provision is also of importance with 
regard to exits, it being of the greatest 
consequence that a theatre should 
discharge its audience into more than 
one street, even, if possible, into more 
than two. The different parts of the 
theatre should have different exits 
leading right out to the street, exits 
bringing streams of persons together 
being specially dangerous. Such exits 
should increase in width outwards, and 
should be free from interruption or 
impediment of any character. Steps in 
passages, either ascending or descending, 
should be avoided, and any other 
obstruction likely to cause people to 
fall. All doors should open outwards. 
Staircases should be properly fitted on 
both sides with hand-rails. As regards 
heating, it does not appear that special 
arrangements are generally adopted for 
heating theatres, except by means of 
ordinary fire-grates in refreshment 
rooms, lobbies, &c. Should the electric 
light come into general use for lighting 
theatres, it is possible that they will 
require to be specially warmed, in 
which case the usual precautions will 
have to be employed. 

(6) Arrangement and treatment of 
scenery and accessories. — As regards 
the scenery and the lighter sort of 
costumes, there seems to be no doubt 
that measures ought > to be taken to 
render these uninflammable, or at all 
events, not easily inflammable. For 
fabrics, the best material seems to be 
tungstate of soda, and this has been 
successfully employed in some theatres. 
Henderson, at that time the proprietor 
of the Criterion Theatre, giving evidence 
before the House of Commons Committee 
of 1877, said that he used it, and that 
there was no difficulty in its use as 
regards new scenery ; to old scenery, 
he said, it could not be applied. There 
appears to be no reason why the 
woodwork of scenery should not be 
treated with silicate of soda, either 
with or without a lime-wash. 

The scenery of some London theatres 
is now treated with some of the more 
recently invented preparations, most of 
which, it is understood, have fi silicate 



or a borate for their basis. The effect 
of all such preparations is, that it coats 
the articles, or, in case of fabrics, the 
fibres of the articles, with a non- 
inflammable substance. This does not 
prevent the evolution of gas from the 
ipateidal when sufficient heat is applied, 
and the gas thus evolved takes fire, and 
burns. When the source of extei-nal 
heat is removed no more gas is evolved, 
and combustion ceases. Thus it may 
be said that the article will burn when 
exposed to sufficient heat, but has not, 
in itself, the power of supporting 
combustion. One effect of this is, that 
it is very much more difficult to set 
such materials on fire, and this alone is 
sufficient either to prevent the breaking 
out of fire at all, or to render it much 
easier to deal with after it has broken 
out.' 

(c) Arrangement of illuminating 
appliances, and of stage effects in- 
volving the use of gas, pyrotechnic 
compositions, &c. — ^There is not much 
to be said about the ordinary lighting 
arrangements. In all theatres they are 
generally under the control of a special 
gas-man. It is desirable that precautions 
should be taken for the ventilation of 
places in which the meters are fixed, 
generally underground cellars, to avoid 
the risks of explosions. 

When electrical illumination is 
employed, the necessary precautions 
should of course be taken ; in fact the 
rules laid down by the Society of 
Telegraph Engineers apply equally 
well to theatres as to other buildings. 
Whatever system of illumination may 
be employed, whether gas or electricity, 
it is absolutely necessary that oil or 
candle lamps should be fixed up in the 
passages, and near the doors, so that, 
in case of the failure of the ordinary 
lighting arrangements, the audience 
may not be left in the dark. This is 
now done in many theatres, and ought 
to be done in all. Curiously enough, 
it has happened that these lamps have 
proved a source of danger, ns a theatre 
in Hungary is reported to have been 
burnt by one of the§e " t^lternfttiy^ " 
l»mps, 
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The lighting arrangements for the 
stage are often very dangerous. The 
mles which now exist as to the use of 
naked lights upon the stage ought to be 
strictly adhered to. All lights should 
be, and in many theatres are, carefully 
protected: the footlights should have 
a grate before them ; wooden battens 
over the stage, carrying rows of gas 
lights, should never be allowed. 

Small accidents have not unfrequently 
occurred from the careless use of the 
oxy-hydrogen light. This light, when 
carefully employed, is perfectly safe, 
but in the hands of careless or in- 
experienced persons it is liable to give 
rise to explosions of a dangerous cha- 
racter. The causes of many of the 
explosions which have occurred, not 
only in theatres, but during other 
exhibitions where the light has been 
used, have not always been traced, but 
probably in many cases they are due 
to the gases having become mixed in 
one of the bags. A bag in which a 
little hydrogen remained may have 
been, by mistake, filled with oxygen, 
and thus a mixed gas of a very explosive 
character produced. Another source of 
these explosions is sudden alteration of 
pressure upon the bags, by which the 
mixed gases are drawn back into one of 
the bags, when a similar result occurs. 
It would be well if the very simple 
device were employed of storing the 
gases, when the ordinary coal-gas mains 
are not employed, or the oxygen gas 
when they are, in proper gas-holders 
and outside the walls of the theatre, 
laying th^ gas or gases on in the same 
way as ordinary illuminating gas is 
laid on. 

The use of pyrotechnic compositions 
is a common source of danger, and it is 
believed that many of the most serious 
fires are due to them. Portions of the 
material are left about after the con- 
clusion of the performance, become 
ignited, and the result is a fire. Some 
of these compositions have, moreover, 
been proved to be capable of spontaneous 
ignition. Whenever these materials 
are used — and it would probably be 
usel^s to attempt tq stop their Uise-?^ 



the greatest precautions ought to be 
taken. In some places, burning houses 
have been introduced on the stage. 
This is certainly a most dangerous 
practice, and might well be forbidden. 

Extinguisluxig Compounds 
and Apparatus. — Prof. Silvanus P. 
Thompson, in a recent lecture, says that 
nothing but a self-acting or automatic 
system, which will operate at the right 
moment and at the very spot, without 
the intervention of any human Iiand, 
will meet the case. 

Modern automatic appliances for the 
prevention and extinction of fire may be 
grouped under the following heads : — 
(a) automatic sprinklers ; (6) automatic 
fire-doors; (c) automatic alarms; (d) 
miscellaneous appliances. 

(a) Automatic Sprinklers: — Foremost 
and most important of modern appliances 
stands the automatic sprinkler. Briefiy, 
it is a species of self-acting valve con- 
nected with a system of water pipes 
placed in the ceiling of a room, which, 
on the outbreak of a fire, open and dis- 
tribute water in a shower of sprky 
exactly at the place where the fire 
breaks out. It is also usually arranged 
so that, whenever it is called into oper- 
ation by the heat, it sounds an alarm 
bell, and summons aid to the spot. It 
is both fire extinguisher and fire alarm 
in one. Concerning it, Edward Atkinson, 
president of the Boston Manufacturers' 
Mutual Fire Insurance Company, says, 
'^ we consider the automatic sprinkler 
the most valuable auxiliary appliance, 
the best fire detector, the watchman 
who never sleeps, and the device which 
is least likely to be out of order when 
needed." The saving effected in New 
England alone during 8 years by the 
introduction of sprinklers is calculated 
to amount to 300,000/., and their use is 
extending every day. The introduction 
of sprinklers reduces the risk of confla- 
gration by fire to less than a twentieth 
part. 

The earliest suggestion for the auto- 
matic distribution of water in a building 
appears to have been made in 1806 by 
John Carey, of London, who took out a 
patent fpv *^ t\ie extinguishment of fires 
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in gentlemen's apartments and ware- 
houses '' by means of rose sprinklers 
connected by pipes with a rain-water 
tank. Valires weighted to open, but 
held back by a combustible cord, were 
placed near the ceiling, so as to burn 
and tuni on the water. A few years 
later, Sir Wm. Congreve took out 
patents for a system of distribution of 
water by bulbs, roses, or perforated 
pipes, supplied by water-mains through 
valves operated from outside. He also 
proposed to work valves automatically 
by cords, which were secured with " a 
cement fusible at 110° F. or less." 

In 1852, William Maccaboy proposed 
a kind of sprinkler, in which the water 
was distributed by a rotating " mill " 
like a Hero's engine, covered with a cap 
of lead, guttapercha, or fusible alloy. 
Rotating sprinklers have been subse- 
quently patented by Granger, Parmelee, 
'and others. 

In 1861, Louis Rough ton patented a 
sprinkler having a rose-head with a 
neck plugged with a fusible substance, 
such as fusible alloy, or a mixture of 
wax, resin, and stearine. 

In 1864, Captain A. Stewart Harrison, 
of the 1st London Engineers, produced 
an excellent foim of automatic sprinkler, 
which embodied a good many of the 
principles in the more recent forms. 
Harrison's sprinkler consisted of a rose, 
through the perforations of which the 
water would be forced ; but an internal 
valve held back the water, the valve itself 
being secured bj solder. But it should 
be noted as an important point that 
Harrison secured the valve at the lowest 
point of the sprinkler, outside the rose, 
by a stem, which passed downwards 
through the sprinkler. 

Another form of sprinkler, introduced 
by F. W. Whiting, has a conical or hemi- 
spherical rosette, covered by a thin metal 
cap, soldered all round the edge. The 
water pressure tends to tear the soldered 
flanges apart. 

It may be here remarked that 100 sq. 
ft., i. e. an area 10 ft. square, forms a 
convenient unit of reference in connec- 
tion with the distribution of water by 
sprinklers. 



There Were several powerful objections 
to the methods adopted up till that time. 
With impure water the perforations of 
roses or pipes were liable to choke ; and 
in the case of iron pipes, rust produced 
the same effect. The ingenuity of in- 
ventors was called out to meet these 
difficulties. Harrison countersunk the 
orifices in his rose ; Whiting patented a 
plan of letting eyelets of brass into the 
orifices; Burritt devised a method of 
dislodging sediment or dust, by means 
of a thimble with a rounded end, which 
when detached by the melting of the 
solder, is churned round inside a per- 
forated rose by the action of the water. 

A more serious defect was that the 
water in the sprinkler or pipe, by its 
near presence to the solder, abstracted 
the heat and delayed the opening of the 
valve. This had indeed been positively 
obviated in the forgotten sprinkler of 
Harrison, by the interposition of a block 
of wood between the water-valve and 
the soldered joint on the stem. 

Another defect arose in some cases, 
where rubber was used as the material 
of the valve, from the clogging of the 
valve on its seat. Woodbury, who 
made a most exhaustive series of tests 
for the Boston Manufacturers' Mutual 
Insurance Company, on sprinklers of all 
kinds, states that it required a pressure 
of 65 lb. per sq. in. to make some of 
these valves open. 

In 1875, the Boston Manufacturers* 
Mutual Company issued a pamphlet 
recommending sprinklers to their clients, 
although the chief forms to that time were 
comparatively imperfect. But their use 
spread rapidly from that date. 

In 1874, H. Parmelee introduced a 
sprinkler which, though now superseded 
by more sensitive arrangements, did good 
service, and is still in considerable use 
It consisted of a metal cap sealed down 
with fusible solder over an upright re- 
volving turbine-jet. At a pressure of 
10 lb. per sq. in. this sprinkler discharges 
Ij cub. ft. of water per minute. 

The obvious requisites of a good 
sprinkler are that the solder should 
fuse at a low and well-defined tempera-i 
ture, without any appreciable prior 
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lotlemng; that the mechnnism ihonld 
not be liable to get out of order or stick ; 
tiiat the partd opened bj heat ahoald be 
capable of ready replacement withont 
skilled labour; thnt there should be no 
leakage at the Taire ; and, lastly, that 
the qnantitj of solder to be melted 
ihould be Email, and so placed that it is 
Dot cooled by contact with too great a 
maia of metal, or eiposcd to the drip of 
the opening valve. 

Now, the Psnnelee iprinklec takei a 
considerable time to open — orer (wo 
minntea uBnallj—^wing to the length of 
the Golder seam, and the maea of metal 
near it ; yet concerning it, Atkineoa 
saya : — " The P»rmele« eprinkiet ia 
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tire epriakler, what result ma; ire 
ot eipect from the later forma of sen' 
itive types of aprinklers? More than 
60,000 of the Pannelee hare been used 
1 the States, and aevend miUa have 
n fitted with them in England. 



The 



rented ii 






Frederick Grinnell shoved i 
adrance in many detsila, i 
superseded the Farmelee. Ear 
ler is calculated to supply nn area ol 
100 ft. 'Hie ralve, a leaden discalEied 
to the centre of a larger disc of biais, 
is held up against the valve orifice by 
a system of two curred lerers, the 
lower of which is secured by fusible 
solder at ita lowest point to a light 




bnry, to be about the least 
head on the list, and the least in capa' 
(»ty of discharge ; and yet the wholi 
— ■ a with the Pf ' ■-•-^ — 



has t 



;ss, the 



sufficed, and we havi 
record of a fire getting away ft 

If sach is the fact with the least g 



metal frame (Figs. 40-43). The ralte- 
seat is itself made elastic by the devics 
of Giing it in the centre of a diaphragm 
of thin, hard metal, perforated for that 
purpose ; and the pressure of the water 

i of upon the diaphragm keeps it tight 
no ' against the valve. The larger disc 

rom I attached to the valve-disc serves as a 

deflector. When the Bolder ia melted, 

I- I the levers fly apart, and the talve and 
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deflector drop about } in., leaving space 
for the water to escape. It dashes 
against the disc, which is notched, and 
slightly dished at its edges, and is then 
deflected upwards in spray towards the 
ceiling, whence it falls to the floor. 



42. 




Grinnell sinrinkler in position. 

When the sprinkler has worked, it 
requires to be re-soldered. It seldom 
requires more than 15 seconds to 
elapse before the levers fly under the 
influence of a direct flame. With an 
ascending hot column of air, the sprink- 
ler seldom waits for a whole minute 
before it works. In the very short 
time that has elapsed since this inven- 
tion was introduced, it has entirely 
superseded the Parmelee. There are 
now more than 300,000 of these in the 
States, and more than 30,000 in Great 
Britain, chiefly in the Lancashire cotton 
district, but also in a number of 
factories »nd warehouses in London. 



The success of the sealed Parmelee and 
the sensitive Grinnell sprinkler have 
been such as to arouse the emulation of 
inventors to produce other forms of 
sprinkler. In the States the sprinklers 
of Harris, Brown, Bishop, Burritt, 
Rutherburg, and Walworth 
are more or less known, though 
in less extensive use than 
either the Parmelee or Grinnell 
forms. In the Harris, Brown, 
and Burritt (sensitive) forms 
the valve is held up by a 
soldering which holds up the 
valve-stem somewhat as in 
Harrison's original plan. Jn 
Ruthenburg's sprinkler a pair 
of levers, clamped by a bit of 
fusible tube, hold up a rubber 
ball. In the Walworth 
sprinkler the valve-stem is 
held up by a cam worked by 
a lever which is either sol- 
dered to the body of the 
sprinkler, or else clamped by 
an oval link of fusible metal. 
This latter device is good in 
so far as it enables the 
sprinkler, after working, to 
be closed up again by merely 
slipping on another ring 
without the need for skilled 
labour or the removal of the 
sprinkler from the ceiling ; 
but the oval ring of alloy is 
liable to distension and frac- 
ture, as the alloy is somewhat 
brittle, anl will not stand 
much tensile stress. 

Indeed, the question of alloys must be 
consider^ from several points of view, 
as the most fusible alloy does not 
necessarily possess the greatest tenacity 
or the most sharply deflned melting 
point. A piece of Grinnell solder was 
found to fuse at 165° F. ; it was tough 
and even flexible ; whilst a Walworth 
link which melted at 161° F., was not 
nearly so tough. Professor Guthrie's 
"eutectic" alloy, which fuses at 
159° F., was not found to be so tough 
or to have so sharply deflned a melt- 
ing point as some alloys of slightly 
higher melting point. Of cpnrse it is tin 
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ftdvAntage, from the point of view of 
sensitiyeness, to work with an alloy that 
has a very low melting point ; but it 
mast not be so low as to risk being 
melted with the ordinary temperatures 
at the ceiling of a gas-lit room. 
Obviously, an electrically-lighted mill 
may be fitted with sprinklers that are 
more sensitiye than those which can be 
used in gas-lit 'mills. Conversely, in 
drying houses and store-rooms, special 
solders with higher melting points are 
preferred. 

34. 




Jolin sprinkler. 

Progress in the perfection of the 
automatic sprinkler has not been con- 
fined to the other side of the Atlantic, 
and in addition to the American forms, 
there are several English forms well 
worthy of notice. In one of these, the 



invention of Sidney Smirke, architect, 
a valve is used resembling the valve of 
the Victor system presently to be ex- 
plained, and the water when admitted 
by the valve is forced into the narrow 
annular space between two metal dishes, 
the upper one of which is capable of 
adjustment. 

Ingenious sprinklers have been in- 
vented by Philip Jolin, engineer, of 
Bristol (Figs. 43, 44.) The form 
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Jolin sprinkler. 

which promises best success has a lead- 
topped ball valve held up against the 
supply orifice by a pair of springy 
metal levers, which are clamped below 
by a fusible clamp. This clamp, which 
is readily replaced after the sprinkler 
has worked, is of an ingenious form, in 
which the solder is relieved of all direct 
tearing stress. It consists of a button, 
made in two parts, soldered at the 
edges right and left, and admitting the 
ends of the levers by an aperture which 
passes from top to bottom. This bottom 
is protected beneath a divided cone, 
which serves partly as a deflector for 
the water, partly as a protector to the 
clamping button, partly as a collector of 
the ascending hot air. When the lever 
opens, the valve ball drops a short 
distance and operates as a deflector. 
In another form (Fig. 44), a small 
truncated cone of alloy holds up the 
deflecting ball to its seat. In yet 
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forat, the lereri are held to- 

r a double link of braas (Fig. 45), 

p 1b f wh' h e prerented 

f m p t >r by a wedge 

r tl y bjected only 

gnndihear- 




■■ U held Dp, aa in Harri- 
plan, by a eoldeiing at the lower 
f the atalk, and thia Boldeilng 




is anmranded by » collecting eone of 
metal. On ths Tall of tfae Talve, the 
water rashes into the long pipet, sod is 
distribnted in jets through its perfora- 



tions. One valra soffioea for 400-500 
aq. ft. of eurfnce protected. 

There are several useful adjuncts 
employed in connection with these 
appliances. Grinnell Hiea in his main 
pipe, between the supply. tank and the 
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■prinklera, a ral re arranged to be moved 

of any sprinkler, the pressure is relieved. 
This valve then sets a lond gong in 
motion, and sounds an alarm. Electric 
alarms are also used in connection with 

(1) Anlomatio Fite-doora. — Fire-doors 
may be made automatic. The Boston 
Company have investigated this qaes- 
tion by their eiperts, and have pro- 
Doonced most emphatically against iron 
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fire-doord. They say they cnrl up and 
keep out the water and men, and allow 
the fire to spread. They announce the 
opinion that a well-built wooden door, 
protected by tin plate on each side, is 
much better : the wood will not burui 
but it bocomes charred, holds the tin 
together, and keeps out ^re better than 
an iron door would. They make it 
automatic in the following way : — The 
door is arranged to slide shut on an 
inclined track, and is kept open by a 
rod, which is made with a scarf-joint in 
two parts, united in the centre, inside a 
copper ferrule or sleeve which nicely 
fits the two ends of the rod. The joint 
is shown in Fig. 48. This sleeve is made 



(c) Electric Alarms and l>evices. — 
Edward Bright's arrangements for fire 
alarms are excellent things. There 
are several more recent : a very good 
fire alarm, by Martin ; another, known 
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Grinnell link. 



as Rowley's; and Grinnell has applied 
an electric alarm in the form of a 
fusible link. He introduces somewhere 
into the electric circuit a little link, 



48. 




Scarf-jointed rod united by sleeve. 




in longitudinal halves, which are 
secured together with fusible solder. 
The ends of the rod where they come 
together are cut at an angle of 45°, and 
therefore tend to force the sleeve open 
when the solder melts. One end of the 
rod is fastened to the door, and the other 
end to the door-frame. Another device 
for holding a fire-door open is the 
fusible link. 

The oval link (Fig.'^49) used in the 
Walworth sprinkler is unsuited to stand 
a tensile stress. The 
Grinnel link (Fig. 50) 
is well suited for this 
purpose ; it consists of 
two links stamped in 
thin bra^^s, laid over 
one another so as to 
overlap throughout f 
of their lengths ; they are soldered to- 
gether, and the central portion is filled 
up with a bit of copper wire and with 
solder. These links are introduced into 
some convenient part of a cord which 
holds up a weight, the falling of which 
releases the fire-door. 
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Walworth link. 



which may be made of a thin strip of 
alloy, in some place near the ceiling ; 
on melting, it breaks the circuit and 
rings an electric bell, if it is arranged 
to work in a closed circuit, and there 
you have a fire signal of the first order. 
This is used in England. There is 
another open circuit system used in 
connection with small Grinnell installa- 
tions ; it is arranged so that when th« 
heat reaches a catgut band stiaincd 
inside a copper tube it contracts, and 
makes contact between two strips of 
metal which go to an electric bell. 

Lorrain's is based upon a system for 
making an electric contact. It is a 
little thermostat arrangement, with a 
strip of two metals soldered together, 
which, when they are hot, bend and 
touch a contact screw, making the 
electric circuit complete. Further, 
there is an arrangement of an electro- 
magnetic solenoid ; it is a coil of wire 
with an iron core, which is attracted in 
when the circuit is completed. When 
that core is attracted in, it bears on a 
valve, which is intended to perform the 
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following fttnction: — There is a tank 
containing sulphuric acid, of course 
constructed of some acid-proof sub- 
stance, such as stoneware. The Talve 
allows a little acid to trickle into a 
lower chamber, where there is already 
a solution of carbonate of soda, and this 
generates an enormous amount of car- 
bonic acid, which flies up through 
pipes, and so, with or without water, 
Will immediately cause a great dis- 
tribution of spray of carbonic acid 
(which itself is a splendid extinguisher 
of fire) all over that part of the factory. 
There is also a centrifugal arrangement 
for distributing the water, which is 
turned on, and is caused to rotate by a 
small electro-magnet, which is also 
aatomatic. And an independent piece 
of apparatus, quite distinct from the 
others, is a very strong cylinder charged 
with compressed carbonic acid, having 
a valve weighted, but propped up by 
a little trigger arrangement below. 
Directly the electric circuit is com- 
pleted by the arrangement first de- 
scribed, the electro-magnet below the 
cylinder attracts its armature, lets off 
the trigger, the weight falls, turns on 
the valve, and you immediately have 
carbonic acid either distributed through 
pipes or led directly into the open air. 

(d) Miscellaneous Appliances. — One 
of Jolin's devices to take the place of 
the Grinnell link is a little button, in 
which the edges of the brass discs 
receive the thrust, and take off the 
stress from the alloy. When it is 
required for use in a cord to hold up a 
valve lever or a fire-door, it is provided 
with a couple of loops to attach it to 
the cord. It is reaiily replaceable 
after the fire has burned out, and would 
be a little more reliable, perhaps, than 
the Grinnell link. Another contrivance 
of Jolin*s is an arrangement to make 
a grenade automatic. The greatest 
objection to grenades is that they do 
not throw themselves, and they do not 
easily break. Jolin wants to make 
these grenades self-acting when a fire 
breaks out, therefore he proposes to 
hang a grenade up in a sort of cage at 
the top of the room, the cage being pro- 



vided with a small button held togethet 
with fusible alloy. When that is 
affected by the ascending hot air, the 
button bursts open, the cage opens and 
allows the grenade to fall, and directly 
the grenade falls, an iron weight follows 
after it, and breaks it in mid-air and 
sprinkles the liquid about. 

Ectinguishing Benzene and Petroleum 
Fires, — ^The use of ammonia for this 
purpose was proposed by a committee 
of the Polytechnic Society at Munich 
(see ii. 293). A much cheaper and 
more easily accessible extinguisher is 
ordinary ammoniacal gas-liquor of 
5°-60 Tw. This was tried with the 
greatest success to extinguish a fire of 
a most formidable kind which suddenly 
broke out in a tar distillery. The heat 
of the fire causes a large disengagement 
of carbon dioxide and sulphuretted 
hydrogen, besides ammoniacal gas and 
steam. The use of gas-liquor (to be 
well settled and stored in closed boilers, 
with suitable piping and forcing power, 
&c.) has been strongly recommended 
for extinguishing fires in cotton mills. 
(Jl. Soc. Chem. Ind.) 

Textile Fabrics.— (13) Proto- 
chloride of manganese, 33 per cent. ; 
phosphoric acid, 20 per cent. ; boric 
acid or borax, 10 per cent ; chloride of 
magnesium 12 per cent. ; chloride of 
ammonium or sulphate of magnesia 25 
per cent. The materials are immersed 
for 6-8 hours in this solution at the 
temperature of ebullition. They quickly 
become impregnated with double salts, 
insoluble in water, and the incrusta- 
tions that are formed effectually protect 
the materials treated against fire. When 
exposed to a quick fire, they carbonise, 
but produce no flame. (Prof. Winckel- 
man.) 

Timber,— (9) At the requisition of 
the Belgian Minister of Public Works, 
Boudin and Donny, professors at the 
Ghent University, have conducted a 
series of experiments and investigations 
in connection with rendering wood 
uninflammable. The following resume 
embodies the conclusions at which they 
arrived. 
I Although wood cannot pr&ctically 
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be rendered so fireproof as not to be 
destroyed by heat, it is very possible to 
deprive it to a considerable extent of the 
property of catching and communicating 
fire; and to this end it is sufHcient to coat 
the wood with a suitable composition. It 
is not, however, sufficient that this 
composition possesses in a high degree 
the property of rendering wood unin- 
flammable. The treatment must not 
involve an expense out of proportion 
with the purpose to which, the wood is 
applied ; nor the process be such as to 
delay the rapid execution of works ; nor 
the substance employed be liable toattack 
any metal parts which it mny be neces- 
sary to use with the wood. The process 
should be of easy application, with a 
brush, for instance, the only manner in 
which it can be applied to existing 
structures. The wood thus coated 
should present a neat and tidy ap- 
pearance, and should also be capable of 
receiving a coat of ordinary paint over 
the fireproofing composition; nor 
should one or the other coat be subject 
to alteration after a moderate lapse of 
time. 

If, instead of coating, injection be 
employed, certain substances, notably 
( hloride of calcium, should be rigorously 
excluded, because they would keep the 
wood constantly damp. The injection 
method is easily applied to small 
articles by simple immersion ; and it 
is preferable that the composition or 
solution be hot, if not boiling. The 
possible diminution of strength due to 
all injection processes should also be 
taken into account, although the 
results of experiments are not conclu- 
sive on this point. 

It follows from the above considera- 
tions that wood cannot be rendered 
incombustible, or more strictly speaking 
non-alterable by heat; but its non- 
inflammability may, to a considerable 
extent, be ensured, so as to preserve 
buildings from a limited and temporary 
fire, at any rate until assistance arrives. 
It is, however, hopeless to expect a 
building encumbered with inflammable 
substances to pass through such a test 
uninjured. -^ 



The methods of preserving wood 
against fire are of two kinds : the injec- 
tion of saline solutions, and the appli- 
cation of a paint or coating. The 
former appears but little practical ; and 
indeed, short of proof to the contrary, 
it must be considered dangerous in the 
case of wood of large dimensions. Thh 
system is, however, applicable to small 
pieces of wood. Of all the substances 
recommended, a concentrated solution 
of phosphate of ammonia is undoubtedly 
the best, the use of this substance, 
notwithstanding its high price, possess- 
ing such great advantages that it should 
be employed in all cases where expense 
is no ol^'ect. In the majority of cases, 
ho'.yever, coating with a brush is the 
only practical solution of the question, 
and the substances most to be recom- 
mended for use in this manner are 
cyanide of potassium and asbestos paint. 

(10) B. Hoff, professor of chemistry 
at the state college in Jaroslaw in 
Galicia, has produced in a cheap and 
easy manner a wood not only unin- 
flammable but even incombustible. 
Following are the excellent qualities of 
this wood : Incombustibility at high 
degrees of heat (temperature when 
glass m6lts), whereby it neither burns 
with a flame- nor brightly glows, 
generates no suffocating gases or smoke, 
and gives out but little heat ; a glow on 
the surface in the open air, as well as 
in a strong current, without burning 
or igniting thereby, but extinguishing 
momentarily. When exposed to great 
heat for a length of time there remain 
no ashes, but a compact coal which does 
not burn. At the same degree of heat 
zinc sheets melt in seven seconds ; slate 
breaks into pieces, tiles become glazed, 
and felt for roofs burns with a bright 
flame. Besides this the last-mentioned 
roofing materials offer no protection 
whatever in case of fire breaking out 
from the inside, because they are 
fastened upon boards. The chemicals 
necessary for the production of the 
incombustible wood consist of the 
cheapest refuse of industrial establish- 
ments. The process of manufacturing 
is simple and cheap, and may be applied 
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to all dimensions. Shingles made 
from it have a pleasing appearance, 
resemble tiles, are cheaper and safer 
against fire than felt, zinc sheets, &c., 
and, since the process preserves the 
wood, last 25-30 years. (Gewerbe Zeit.) 
(11) The following treatment of 
wood is alleged to render it incom- 
bustible without any alteration in - 
appearance. Intense heat chars the 
surface, slowly and without flame, but 
does not penetrate to any extent, and 
leaves the fibre intact, whereby in case 
of fire the firemen would have no 
occasion to fear that the materials on 
which they tread would give way 
beneath them, if this operation had 
been undergone by the wood composing 
the staircases, floor, &c. The chemical 
compound said to produce the result 
is :---Sulphate of zinc, 55 lb. ; potash, 
22 lb. ; alum, 44 lb. ; oxide of man- 
ganese, 22 lb. ; sulphuric acid of 60^ 
Tw., 22 lb.; water, 54 lb. All the 
solids are to be poured into an iron 
boiler containing the water at a tem- 
perature of 113° F. As soon as the 
substances are dissolved, the sulphuric 
acid to be poured in little by little, 
until all the substances are completely 
saturated. For the preparation of the 
wood it should be placed in a suitable 
apparatus, and arranged in various sizes 
(according to the purposes for which 
it is intended) on iron gratings, care 
being taken that there is a space of 
about I in. between every two pieces of 
wood. The chemical componnd is then 
pumped into the apparatus, and as soon 
as the vacant spaces are filled up, it is 
Doiled for 3 hours. The wood is then 
taken out and laid on a wooden grating 
in the open air, after which it is fit for 
use. 

Ink. (ii. 325-347.) 

Black Writing: Ink. A. (A).— 
The following formula is said to have 
been in use in 1654, and to have pro- 
duced an ink of great permanency, if 
one may judge from manuscript 
written by the person who is the 
authority for the formula : 1| dr. 
coarse-powdered g^lls, 1| dr. sulphate 



of iron, 10 dr. gum-arabic, and 1 pint 
soft water, are to be placed in a bottle, 
which is to be securely stoppered and 
placed in the light (sunlight if pos- 
sible). Stir the contents occasionally 
until the gum and copperas are dis- 
solved, after which the bottle should 
be shaken daily. In the course of 4-6 
weeks the ink will be fit for uee. The 
addition of 10 drops carbolic acid will 
prevent the formation of mould. 

(t) Blue-black Writing Fluid.— 
Digest together for a fortnight 18 oz. 
bruised galls, \ oz. bruised cloves, in 
10 wine pints water. Press and filter. 
Add to the clear liquid 6 oz. sulphate 
of iron and 2 fl. dr. sulphuric acid, 
shaking well until solution is effected. 
Next add 1 oz. indigo paste, and filter 
if necessary. The ink must be kept iu 
well-corked bottles, and it should bo 
made in vessels of glass or stoneware. 
(Can. Phar. Jl). 

{K) A good black ink can be made 
with the following ingredients I — 2 lb. 
galls (in moderately fine powder), lOJ 
oz. copperas ; 10 oz. gum-arabic ; 1^ 
oz. sui^ar. Water sufficient to make 
18 pints. Place the galls in an 
enamelled vessel, pour on it 6 pints 
boiling water, and allow it to macerate 
2 days ; transfer to a glass percolator, 
in the neck of which is a piece of 
absorbent cotton, through which allow 
the liquid portion to drain. When 
this is accomplished, pack the galls 
firmly, and displace with sufficient 
water to produce 2 gal. with that 
portion t)f the infusion which first 
passed. Then dissolve the gum and 
sugar in 2 pints water; add this and 
the copperas to the infusion 'of galls. 
This, after standing about 12 days, will 
produce a very superior ink. About 
8 drops wood creosote should be added 
to prevent moulding. 

(J) Bruised nutgalls, 12 parts ; 
copperas (slightly calcined), 4 parts ; 
gum arabic, 4 parts ; water, 120 parts. 
Mix them together in a stone bottle, 
and let them stand for 2-3 weeks, 
shaking the bottle from time to time. 
Then pour off the clear liquori and add 
a little creosote to prevent i;nouldiness^ 



USTK. 



83 



C. (jg) pyrogallic acid, 1 part ; 
pulv. gum arable, 3 parts; ammonia 
vanadiate, 3 parts. These to be mixed 
in a mortar and sufficient water to be 
added. This forms an intensely black 
ink. 

Copying Ink. (k) Nigrosine ink 
may be used for copying, if the gelatin 
and bichromate are omitted. The 
following will be good proportions : 

Nigrosine 100 grains 

Water 6Jfl. oz. 

Glycerin 3f fl. oz. 

(0 A better copying ink is obtained 
by reducing any good iron ink by 
evaporation, and adding some glycerin : 

Black iron ink . . . . 10 volumes 
Red uce by evaporation to 6 „ 
and add 

Glycerin 4 „ 

(m) Another good copying ink which 
is said to yield 3-5 good impressions, is 
prepared, according td Bottger, as 
follows : 

Extract of logwopd . . . . 64 parts 

Soda ^ ^^ fj 

Chromate of potassium .. 2 „ 

Glycerin 64 „ 

Gum arable "^^ » 

Water 270 „ 

Dissolve the extract of logwood, 
together with the soda in the water, 
add the glycerin and gum arabic, and 
finally add the chromate (not bichro- 
mate) of potassium dissolved in a very 
small quantity of boiling water. The 
ink may be used at once. 

(n) For readily transcribing letters 
without a press. — Fur the past thirteen 
years all letters, reports, &c., that I 
have written have been transcribed into 
an ordinary thin-paper copying-book 
with no more effort than is employed in 
using a piece of blotting paper. It has 
only been necessary to place the page 
of writing, note size, letter size, or 
even foolscap, in the letter-book, and 
use a leaf of the letter-book just as one 
would use a leaf of blotting paper. 
The superfluous ink that would go 
into blotting paper goes on to the leaf 



of the letter-book, and, showing through 
the thin paper as usual, gives, on the 
other side of the leaf, a perfect transcri]it 
of the letter. Any excess of ink on 
the page, either of the letter or of the 
copying paper, is removed by placing a 
sheet of blotting paper between thera 
and running one's hand firmly over the 
whole in the ordinary manner. 

This ready transcription is accom- 
plished, as will be anticipated, by using 
ink which dries slowly. Indeed, ob- 
viously, the ink must dry sufficiently 
slowly for the characters at the top of 
a page of writing to remain wet when 
the last line is written, while jt must 
dry sufficiently fast to preclude any 
chance of the copied page being smeared 
while subsequent pages are being 
covered. The drying must also be 
sufficiently rapid to prevent the cha- 
racters "setting off,** as printers term 
it, from one page to another after 
folding. 

Now to manufacture ink that shall 
dry at the rate and in the manner just 
indicated, no matter what the size of 
the page of writing or how quickly or 
slowly it be written, no matter whether 
the air at the time be dry or moist, or 
the writing paper be unglazed, porous 
and absorbent, or highly glazed, close 
and non-absorbent, is impossible. Eva- 
poration proceeds by laws which man 
can neither suspend nor hasten. Thin 
up-strokes written with any variety of 
ink inevitably dry quicker than the 
thick down-strokes written with the 
same ink, no matter what the wishes or 
requirements of the writer. Hence 
there are defects in my copying ink 
which are inherent, and, I fear, irre- 
mediable. In short, probably no varia- 
tion in the mode of manufacture of 
copying ink of this character would re- 
sult in a writing fluid which could be 
used by all persons at all times under 
all circumstances. Still the ink has 
been of the greatest service to me my- 
self, and should be equally useful to 
others. In purchasing writing paper, 
it is easy to avoid the excessively porous 
or the very highly glazed. On the ex- 
ceptionally hot days of an exceptionaJly 
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hot sammer, when all ink dries with 
exceptional rapidity, it is not difficult 
to write somewhat more thickly than 
usual, and thus maintain the wetness of 
the words until a page is completed 
ready for copying. In very moist 
weather when the finished document 
written with this ink would not dry 
rapidly, and therefore would he liable 
to become smeared, it is not impractic- 
able to use a fine pointed pen or to hold 
your sheet before a fire or over a gas 
ilame for a moment or two. Lastly, 
the extreme facility with which letters 
are copied with this ink and the great 
convenience attached to the advantage 
of possessing transcripts of letters, etc., 
are cheaply purchased at the price of a 
little care and practice in making one's 
up-strokes and down-strokes pretty 
much of a thickness. 

But I am exaggerating difficulties. 
Processes, apparently practicable when 
described, oft^ turn out hopelessly 
impracticable when applied. Con- 
versely, processes apparently imprac- 
ticable often admit of ready application. 
My description of the use of my ink 
must, I am sure, convey an impression 
of impracticability. As a matter of 
fact, however, I use the ink from year's 
end to year's end without any trouble 
whatever. The case of this ink is one 
of those in which unavoidable dis- 
advantages are compensated by an 
amount of personal carefulness to which 
one easily becomes habituated. The 
disadvantages, of course, preclude the 
introduction of the ink into indiscrimi- 
nate wholesale and retail .trade. The 
firm of manufacturers that, consulting 
me respecting copying ink, entertained 
my suggestion to use such an ink as 
this, went to the expense of provision- 
ally patenting it, in the hope that before 
the period of provisional protection 
elapsed it would be improved sufficiently 
to render it an ordinary commercial 
article. They have long abandoned 
that hope. I, too, have now abandoned 
it sufficiently to induce me to publish 
the mode of making and using the ink, 
in order that at least others may enjoy 
its use to the extent to which I enjoy 



it myself. The ink is really invaluable 
to me. To pharmacLits, retail trades- 
men, professional men, private persons 
and others who desire to keep copies of 
their letters and writings, but who do 
not write enough to render worth while 
the use of a copying-book and copying- 
press, or the employment of a junior 
clerk or office boy for press copying, or 
who may desire to keep a private copy- 
ing-book, this ink will also prove in- 
valuable. The ink can be made by 
chemists and druggists, who also might 
vend the article with no loss of dignity. 
For the sale of it would be accompanied 
by one of those little intelligent state- 
ments respecting mode of use and at- 
tendant conditions which come so natu- 
rally from the pharmacist. 

I have only to add the process of pre- 
paration. The principle of the method 
consists in dissolving a moderately 
powerful hygroscopic substance in any 
ordinary ink. After experimenting on 
all such substances known to me, I give 
the preference to glycerine. Reduce, 
by evaporation, 10 volumes of ink to 6 ; 
then add 4 volumes of glycerine. Or 
manufacture some ink of nearly double 
strength, and add to any quantity of it 
nearly an equal quantity of glycerine. 
(Professor Attfield.) 

Indelible Ink (16).— Triturate 
If grams aniline black with 60 drops 
strong hydrochloric acid and 42-43 
grams strongest alcohol ; then add to 
it a hot solution of 2^ grams gum- 
arabic in 170 grams water. This ink 
attacks steel pens but little. It is not 
destroyed either by strong mineral 
acids or by strong lye. If the first 
alcoholic solution of aniline black be 
diluted with a solution of 2^ grams 
shellac (instead of gum-arabic) in 170 
grams water, an ink is produced which 
may be employed for writing on wood, 
brass, or leather, and which is remark- 
able for its deep black colour. 

Invisible Ink (r).--Finest po- 
tato starch, 13*5 kilos., and powdered 
iodine 1 kilo., are mixed and then 
rubbed - through a sieve, then mixed 
with 4 litres water and 1 litre rec- 
tified spirit. The Resulting black 
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powder is allowed to stand for 14 days, 
then dried and exposed to the air. 1 he 
dry powder contains 10 per cent, of 
iodine. The iodide of starch becomes 
soluble when heated with stirring in an 
enamelled saucepan over a gentle fire. 
As soon as the powder is dry the opera- 
tion is finished, it then emits a pun- 
gent smell. From time to time during 
the heating it must be ascertained 
whether the powder has become soluble, 
by heating some of it with water in 
an iron spoon. At a strong heat it 
yields a red solution with loss of 
iodine. In order to purify the powder 
and make it thoroughly soluble, of a 
violet tint in. cold water, a concen- 
trated solution is made by heating, so 
that it shows 7-8^. This solution is 
allowed to deposit for several days, de- 
canted and precipitated with rectified 
spirit. The precipitate is strained, and 
dried in the drying closet. If excess of 
spirit is used in the precipitation, a 
gummy matter is thrown down, the 
presence of which is superfluous. A 
certain firm claims to be the sole manu- 
facturers of the ink. They advertise 
that writing executed with it gradu* 
ally fades away and cannot be restored 
by any chemical, and state that the 
time it takes to fade depends on the 
paper that is used ; if written with a 
perfectly clean steel or quill pen on un- 
glazed paper the evanescence will be 
more rapid than when written on 
glazed paper. On some papers it will 
disappear in a day, whilst on other 
kinds it will take more than a week. I 
tried this ink on various sorts of paper, 
and found the writing quite visible 
after 6 weeks. It can easily be re- 
stored to a jet blnck by exposing the 
writing to the fumes of iodine. Perfec- 
tion has not yet been obtained in the 
production of this useful ink ; there ap- 
pears to be some chemical either ab- 
sent or not present in a sufficient quan- 
tity to induce a rapid evanescence. 

(S. L.) 

Harking Ink. (?/) Blue. — Mix a 

sufHcient quantity of ultramarine with 

bary tes (sulphate of barium, blanc fix), 

and water to produce the desired 



tint. It may be rendered more 
permanent by adding some liquid glue 
(solution of glue in acetic acid) or 
some starch paste, prepared with the 
addition of a little wax. (Chem. and 
Drug.) 

(«) Dark Blue. — Christian Enab, 
Munchberg, Bavaria, makes a blue pre- 
paration good for marking trunks and 
boxes, because it readily combines with 
wood, cloth, etc., and resists the action 
of the weather. His process is given 
in the Deutsche Industrie Zeitung as 
follows : — 100 lb. of a 30 per cent, 
fluid extract of logwood are put in a 
suitable kettle, with 3 qt. alcohol, to 
which 2 lb. hydrochloric acid has 
already been added. The mixture is 
kept at 68° F. and well stirred until 
thoroughly mixed. Next he dissolves 
10 lb. (yellow) chromate of potassium 
in 30 lb. boiling water, and adds to it 
20 lb. of hydrochloric acid, stirring 
well, and when it has cooled to 86° F., 
stirs it very slowly into the mixture 
already in the kettle. The whole is 
then warmed to about 185° F. The 
mass, which then becomes an extract, 
is stirred a short time longer, and to it 
is added 30 lb. dextrine mixed with 
20 lb. fine white earth (terra alba), 
and well stirred through. The mass, 
when taken from the kettle, is put into 
a mill where it is thoroughly worked 
together. It is lastly put into tin 
boxes, and left standing a long time to 
dry out. 
(aa) Blue. 

Silver nitrate .. .. 4 gram. 
Liq. ammonia .. .. 12 
Sodium carbonate .. 4 
Powdered gum-arabic . . 6 
Cupric sulphate .. ..20 
Distilled water .. ..16 „ 
Dissolve the silver salt in the ammo- 
nia, and the soda, gum, and copper salt 
in the distilled water, and mix the two 
solutions. ( Dorvault.) 
(bb) For marking bales. 

Shellac .. 2 oz. 

Borax 2 



>» 



Water 25 

Gum-arabic 2 

Venetian red, sufficient to colour. 
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Boil the borax and shellac ia the water 
until they are dissolved, add the gum- 
arabic, and withdraw from the fire. 
When the solution has become cold, 
complete 25 oz. with water and add 
Venetian red enough to bring it to a 
suitable consistency and colour. This 
ink must be preserved in a glass or 
earthenware vessel. 

Printing Ink. Black (J), From 
Spent Cotton Waste. — ^The utilisation 
of waste products, which has made such 
great progress during the last two 
decades, has experienced a further de- 
velopment in a department in which 
we are more especially interested. We 
I'efer to the process of C. T. Bastand, 
38, Riley Street, Bermondsey, London, 
by means of which spent cotton waste is 
made to yield up all the oil and greasy 
matter contained in it, the latter being 
subsequently converted into that useful 
agent of civilisation, printers* ink. 
Cotton waste, as our readers are aware, 
is used to clean machinery of all de- 
scriptions. When spent — that is to 
say, used up— it is full of refuse oil and 
grease. Hitheii;o, it has been the 
practice to boil the spent cotton waste 
in a solution of caustic soda, by which 
process all the grease is extracted, to 
wash it, and mix it with new waste, 
when it is again ))laced upon the mar- 
ket. The oils and grease are allowed 
to run to waste. 

Bastand proceeds in a very different 
and at the same time highly remunera- 
tive manner. He places the spent 
cotton waste in a closed cylinder heated 
by steam by means of an interior coil. 
He then pumps a solution of bisulphide 
of carbon into the cylinder containing 
the waste, upon which the chemical 
acts, separating the oil and grease. In 
their combined state, the bisulphide 
solution and oil are then run by him 
into another steam-heated cylinder. 
Here the bisulphide becomes vaporised, 
and passes thence to condensers, and is 
finally run into a store tank, to be used 
over and over again, the loss of bi- 
sulphide being almost imperceptible. 
The cotton waste freed from oil is 
washed, dried, and sold again. 



The far more valuable product ob- 
tained, the oil, is run from the 
second cylinder into tanks, pumped 
thence into a copper heated by a small 
portable furnace, running on wheels, 
and freed Arom all moisture. It is 
then pumped into a second copper, 
where it is converted into the varnish 
from which printing ink is made. 
When the varnish has been brought 
down to its proper consistency, the 
furnace is withdrawn, and the varnish 
is taken to the mixing-house, where it 
is incorporated with the necessary pig- 
ments and other ingredients necessary 
to produce the various shades and 
qualities of printing ink. When mixed, 
the crude ink is ground in a French 
buhrstone mill, and, after grinding, de- 
livered into a machine, in which it is 
passed between rollers a number of 
times, according to the quality of ink 
required. To obtain the lampblack 
used in the manufacture of printing ink, 
a portion of the recovered oil is used ; 
and thus what was formerly wasted is 
converted into the medium which enters 
so largely into the diffusion of know- 
ledge. {Chambers's Jl.) 

Stamping Ink (A). Indelible. — E. 
Johanson, St. Petersburg, gives the 
formula for a convenient ink for mark- 
ing clothing by means of a stamp: 
22 parts carbonate of soda are dis- 
solved in 85 parts glycerine, and tri- 
turated with 20 parts gum-arabic. In 
a small flask are dissolved 11 parts 
nitrate of silver in 20 parts oflicinal 
water of ammonia. The two solutions 
are then mixed and heated to boiling. 
After the liquid has acquired a dark 
colour, 10 Y&vts Venetian turpentine 
are stirred into it. The quantity of 
glycerine 'may be varied to suit the 
size of the letters. After stamping, 
expose to the sun or apply a hot iron. 
{Pharm. Bee,) 

(«) Polygraphic. — (1) 10 parts 
"Violet de Paris," 30 parts water 
(Lebaigue). (2) 1 part "Violet de 
Paris,** 7 parts water, 1 part alcohol 
(Kwayssor and Husak). (3) 2 parts 
acetate of rosaniline, 10 parts water, 
1 pai*t alcohol (Kwaysser and Husak). 
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The first two produce a violet, the last 
a red copy. 

{k) All endorsing ink, which does not 
dry quickly on the pad, and is quickly 
taken by the paper, can be obtained by 
the following recipe : Anilin colour in 
solid form (blue, red, &c.), 16 parts; 
80 parts boiling distilled water, 7 parts 
glycerine, and 3 parts syrup. The 
colour is dissolved in hot water, and 
the other ingredients are added whilst 
agitating. This endorsing ink is said 
to obtain its good quality by the addi- 
tion of the syrup. {Pap. Zeit^ 

MiscellaneoiUB. — Ink Powder. — 
Finely-powdered nut-galls 10 oz., sul- 
phate of zinc (powdered) 2 oz., sulphate 
of iron (powdered) 4 oz., gum-arabic 
(powdered) 1 oz. ; 1 oz. of this powder 
when finely sifted, added to about ^ pint 
of water and well shaken, will form a 
good ink. 

Forgeries. — If a forger has used a 
diflerent ink to that used by the original 
writer of the document, his error can 
be made manifest in the following 
manner : — Get 9 J-oz. or 1-oz. rials, 
and fill separately with (1) dilute sul- 
phuric acid ; (2) concentrated muriatic 
acid ; (3) dilute nitric acid ; (4) solu- 
tion of sulphurous acid ; (5) solution 
of caustic soda ; (6) concentrated solu- 
tion of oxalic acid ; (7) solution of 
chloride of lime ; (8) solution of tin cry- 
stals ; (9) solution of photo-chloride of 
tin. Take nine quill pens, each one for 
its particular reagent. Now, with a 
rule, draw lines crossing ori^nal and 
suspected portions ; the difference will 
show its^f at a glance. {Chem. Pev.) 

To Bender Ink Waterproof.— l{ the 
ink is prepared with a certain propor- 
tion of gelatine, the addition of a little 
bichromate of potash, followed by ex- 
posure to sunlight, has been recom- 
mended for rendering the ink so in- 
soluble in water that it will not run or 
spread when water-colours are used for 
shading the sides of the lines. 

To Pestore Faded Ink. — In order to 
restore faded ink all that is necessary is 
to moisten the paper with water and 
brush over the writing with a solution 
of sulphide of ammonium. The ink 



will become black immediately, from 
the formation of the black sulphide of 
iron. Of course this means of restora- 
tion is not applicable with aniline inks. 
(^Boston Jl. Chem.) 

Ink Eraser. — A good ink eraser is 
"thus made : Take 1 lb. chloride of 
lim.e, thoroughly pulverised, and 4 qt. 
soft water. The above must be 
thoroughly shaken when firot put 
together. It is required to stand 
24 hours to dissolve the chloride of 
lime; then strain through a cotton 
cloth, after which add a teaspoonful of 
acetic acid to every ounce of the 
chloride of lime water. The eraser -is 
used by reversing the penholder into 
the fluid, and applying it, without 
I'ubbing, to the word, figure, or blot 
required to be erased. When the ink 
has disappeared, absorb the fluid with a 
blotter, and the paper is immediately 
ready to write upon again. Chloride 
of lime has before been used with acids 
for the purpose as above proposed ; but 
in all previous processes the chloride of 
lime has been mixed with acids that 
burn and destroy the paper. 

Action of Bleaching Agents upon Writ- 
ing Ink. — It is well known that ordinary 
writing is easily removed when it is 
acted upon by bleaching agents. Ad- 
vantage is taken of this fact by un- 
scrupulous persons desirous of altering 
documents, cheques, and banknotes for 
improper purposes. Hence the number 
of fugitive inks and supposed untam- 
perable papers in use to meet this 
difficulty. 

A curious and interesting case ot 
supposed fraud came under my notice 
in the form of a document which was 
written upon the flyleaf or second page 
of a sheet of legal paper, the margin of 
the first page containing the stamp, date, 
and watermark of a will purporting to 
have been written about 20 years ago. 
The document or will was thus written 
upon paper bearing both on stamp and 
in watermark a date which gave it the 
semblance of age. The appearance of 
the document gave rise to suspicion, 
and I was asked if it was possible to 
tell the age of the writing, and if the 



83 



IKK. 



writing had been executed at one 
and the same time, and if so at whit 
time. : 

This was of course, impossible, as I 
was not allowed to treat the document 
itself. I had, therefore, to make ex- 
periments upon writings the dates of 
which I knew. 

I selected writing 1 da^, 6 months, 
12 months, 2 years, 6 years, 14 years, 
and 22 years old, and exposed these 
writings to the action of a very dilute 
solution of ordinary bleaching powder 
in water. The specific gravity was 
about 1*001. In 6 minutes the newly 
written matter had disappeared ; in 
9-12 minutes the writing of 6 months 
ago had disappeared ; in 20 minutes 
the writing of 2 years had partly dis- 
appeared ; in 'a like time the writing of 
6 years ago was not greatly affected ; 
14 years ago very slightly ; and 22 
years hardly affected at all (indeed, old 
writing seems hardly affected by such a 
weak solution, even after hours* ex- 
posure). 

Peroxide of hydrogen acts more 
slowly, but gives more definite results. 
Other reagents give effects which help 
(although sometimes in a contrary 
manner to that I have indicated) to 
establish the fact that ordinary writing 
ink, which is a compound of gallic and 
tannic acids with proto-salts of iron, 
becomes more stable (presumably by 
oxidation), and consequently is less or 
more affected by chemicals which act 
upon the organic coloring matter of the 
ink. There are great varieties of writ- 
ing inks, chromium and vanadium 
salts being. sometimes substituted for 
the iron salts. There are also black 
and colored inks prepared from coal 
tar dyes ; but thinking it highly im- 
probable that any documents intended 
for preservation would be executed in 
such evanescent inks, I did not investi- 
gate their behaviour under such treat- 
ment. When ink is thus bleached or 
apparently removed, most of the iron 
contained in . the compound remains 
mordanted with the fibres of the papw ; 
consequently, writing so tampered with 
or dealt with can be restored by the 



application of gallic or tannic acid. 
The writing is thus reproduced almost 
in its original depth of color. It is 
delicate work (especially in the civil 
legal aspect of the case to which I have 
referred) to determine in a reliable 
manner the age of any particular 
writing, and it is necessary that the 
following precautions be carefully ob- 
served : 

1 . The inks must be those known as 
ordinary writing inks, prepared from 
iron and chromium salts and galls. 

2. Writing dried by means of blot- 
ting paper is naturally more easily 
removed than writing which is allowed 
to dry on the surface of the paper; 
and light writing is somewhat more 
easily removed than coarse and heavy 
writing. 

3. The bleaching solution must be 
exceedingly dilute, otherwise the action 
is so rapid and powerful that both old 
and new writings are removed almost 
simultaneously. 

4. The action must be carefully 
watched, so as not to be too long con- 
tinued. Lastly, very old writing which 
hns become brown by age, although it 
resists the action of weak solutions of 
bleaching powder and peroxide of 
hyurogen, will show signs of giving 
way almost instantly when acted upon 
by dilute nitric, hydrochloric, and 
oxalic acids. 

Although I have only made use of a 
well-known process and materials to 
obtain Hie results I have indicated, still 
I think such a simple means of detec- 
tion may act as a check to frauds which 
are becoming only too common. There 
was a n:ost interesting paper read 
before the Literary and Philosophical 
Society of Manchester, in the session of 
1879 and 1880, by Mr. W. Thomson, 
F.R.S.E., which I commend to the study 
of any one wishful to carry this in- 
vestigation further than I have been 
able to do. In it the author gives 
many curious and interesting facts in 
connection with the behaviour of writing 
inks under the influences of various 
chemical compounds. (R. Irvine.) 
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LAGQUEBa (i. 74-76 ; iii. 303-335.) 

Bottle. — Black Lacquer for Coating 
Bottles. — Bottles, or other glass vessels, 
which it is desired to make impervious 
to light, may be co&ted according to 
Ferd. Simand, with a black lacquer 
prepared in the following manner. 
Equal (arts of asphalt and of boiled 
linseM-oil are heated for one hour, over 
a naked fire to about 200° C. (392° F.) ; 
then a sufficient quantity of lamp-black, 
previously triturated with oil of turpen- 
tine, is added, to make a mixture, which, 
when mixed with }-^ its volume of oil 
of turpentine, will cover well. Usually, 
one coat is sufficient ; in special cases, 
two coats may be required. Sometimes 
it is desirable to be able to see the 
height at which the liquid in the bottle 
is standing. This may be accomplished, 
according to the author, by leaving a 
small round spot on opposite sides un- 
coated. The bottom of the bottle is 
likewise left unvarnished. It would be 
better to leave a very narrow vertical 
streak, on the side of the bottle usually 
turned towards the wall, uncoated. 
This would more readily permit ascer- 
taining at what level the liquid stands. 
(New Remedies.) 

Brass. — (15) When properly lac- 
quered, brass work will retain its 
colour, and resist the action of the 
atmosphere for a long time ; hence the 
necessity of always lacquering work 
which should retain a good appearance. 
The process is rather difficult to execute 
properly, especially on largA surfaces, 
where the tyro will find the lacquer 
continually getting a smeary look. 
Before applying the lacquer, the brass 
must be heated to a certain degree, and 
the difficulty is to know the exact 
degree best suited to the particular 
lacquers and materials used, and the 
effect to be produced; this kind of 
knowledge cannot be attained but by 
experience. If you do not feel disposed 
to prepare the surfaces of your work by 
means of filing, &c., another plan, far 
easier and equally efPiictive, though not 
producing such a workmanlike job, is 



the following:— Put the brass work, 
having previously taken it to pieces as 
much as possible, into pickle made of 
nitric acid and water; this will eat 
away the outer coat, all the corrosion, 
and all lacquer, leaving a surface ot 
pure brass. The time required to effect 
this and the strength of the pickle can 
be soon ascertained by trial. The work 
must be carried on in the open air, as 
the fumes given off arc very baneful to 
health. Thoroughly wash the articles 
to remove all traces of acid, and then 
dry them in hot sawdust; they will 
then be ready for lacquering. Use a 
camel-hair brush to lay on the lacquer 
with, heat the articles as hot as may be 
held in the hand ; be careful not to 
touch the bright surface with anything 
that will stain it, and lay on the lacquer 
as thinly as possible to prevent smeara. 
If the work is too hot it will bum the 
lacquer, and if too cold this will not set 
hard. Small thin articles part with a 
large proportion of their heat in laying 
on the lacquer, but bulky work is com- 
paratively unaffected ; so small articles 
must be made somewhat hotter than 
large before lacquering. Only ex- 
perience will enable you to judge 
correctly. 

(16) Lacquer is so called because it 
usually contains gum lac, either shellac 
or seed lac. Seed lac is the original 
form of the gum or resin ; after being 
purified it is moulded into thin sheets, 
like shell, and hence is called shellac. 
Shellac is frequently bleached so as to 
become quite white, in which state it 
forms a colourless solution. Bleached 
shellac is never as strong as the gum in 
its natural condition, and unless it be 
fresh it neither dissolves well in alcohol 
nor does it preserve any metal to which 
it may be applied. There are many 
recipes for good lacquer, but the 
success of the operator depends quite as 
much upon skill as upon the particular 
recipe employed. The metal must be 
cleaned perfectly from grease and dirt, 
and in lacquering new work it is always 
best to lacquer as soon after polishing as 
possible. Old lacquer may be removed 
with a strong lye of potash or soda. 
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after which the work should be well 
washed in water, dried in fine beech or 
boxwood sawdast, and polished with 
whiting applied with a soft brush. 
The condition of the work, as to cleanli- 
ness and polish, is perhaps the most 
important point in lacquering. The 
metal should be heated and the lacquer 
applied evenly with a soft camel-hair 
brush. A temperature of about that of 
boiling water will be found right. The 
solution of lac or varnish is colored to 
suit the requirements or taste of the 
user. 

(17) A good pale lacquer consists of 
3 parts Cape aloes and 1 of turmeric to 
1 simple lac varnish. A full yellow 
contains 4 turmeric and 1 annatto to 
1 lac varnish. A gold lacquer, 4 dragon's- 
blood and 1 turmeric to 1 lac varnish. 
A red, 32 parts annatto and 8 dragon's- 
blood to 1 lac varnish. A great deal 
depends, also, upon the depth of color 
imparted to the lacquer, and as this may 
require to be varied, a very good plan is 
to make up a small stock bottle, holding, 
8^, ^ pint, according to any good 
recipe, and add as much of it to the 
varnish as may be required for the 
desired tint. 

(18) Deep Gold Lacquer. — Alcohol, 
i pint ; dragonVblood, 1 dr. ; seed lac, 
1^ oz. ; turmeric, } oz. Shake up well 
for a week, at intervals of, say, a couple 
of hours; then allow to settle, and 
decant the clear lacquer ; and if at all 
dirty filter through a tuft of cottoo 
wool. This lacquer may be diluted 
with a simple solution of shellac in 
alcohol, and will then give a paler tint. 

(19) Bright Gold Lacquer. — (a) 
Turmeric, 1 oz. ; saffron i oz. ; Spanish 
annatto, j oz. ; alcohol 1 pint. Digest 
at a gentle heat for several days ; strain 
through coarse linen ; put the tincture 
in a bottle and 3 oz. good seed lac 
coarsely powdered. Let it stand for 
several days, shaking occasionally. 
Allow to settle, and use the clear liquid. 

(6) 1 oz. annatto and 8 oz. alcohol; 
mix in a bottle by themselves. Also 
mix separately 1 oz. gamboge and 8 oz. 
alcohol. With these mixtures color 
seed lac vamish to suit yourself. If it 



be too red, add gamboge ; if too yellow, 
add annatto; if the color be too deep, 
add spirit. In this manner you may 
colour brass of any desired tint. 

(20) Pale Gold Lacquer. — Best pale 
shellac (picked pieces), 8 oz. ; sandarac, 
2 oz. ; turmeric, 8 oz. ; annatto, 2 oz. ; 
dragonVblood, J oz. ; alcohol, I gal. 
Mix, shake frequently till the gums are 
dissolved and the color extracted from 
the colouring matters, and then allow to 
settle. 

(21) 4 oz. shellac and } oz. gamboge 
are dissolved by agitation, without heat, 
in 24 oz. pure pyro-acetic ether. The 
solution is allowed to stand until the 
gummy matters, not taken up by the 
spirit, subside. The clear liquor is then 
decanted, and when required for use is 
mixed with 8 times its quantity of 
alcohol. In this case the pyro-acetic 
ether is employed for dissolving the 
shellac in order to prevent any but the 
purely resinous portions being4;aken up, 
which is almost certain to occur with 
ordinary alcohol ; but if the lacquer 
were made entirely with pyro-acetic 
ether, the latter would evaporate too 
rapidly to allow time for the lacquer to 
be equally applied. (Workshop Com- 
panion.) 

Gold Lacquers.— (9) An imi- 
tation of Chinese gold lacquer may be 
prepared by melting 2 parts copal and 1 
shellac until thoroughly mixed, and * 
adding 2 parts hot boiled oiL Then 
remove froin the fire and gradually 
add 10 parts oil of turpentine. To 
colour, add gum gutta for yellow and 
dragon*s-blood for red, dissolved in 
turpentine. 

(10) Substitute for Gold Bronze. — 
According to the experiments of Dr. B. 
W. Gerland, metavanadic acid may be 
used in the preparation of a substitute 
for genuine gold bronze. If a solution 
of sulphate of copper and sal ammoniac 
is mixed with vanadiate of ammonia and 
cautiously heated, there is obtained a 
compound of a splendid gold colour, 
which is deposited from the liquid in 
the form of gold-coloured spangles. 
These readily admit of being ground up 
with gum and varnishes, cover well, do 
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not change on exposure tu the air, and 
are in eyery inspect equal to gold 
bronze. 
Iron and Steel Lacquers.— 

(n) A new preserTative of iron and 
Steel has been found in a modification of 
the well-known Japanese gum lacquer. 
After many experiments, the preparation 
has been finally adopted for the imperial 
Japanese navy. There is a certain differ- 
ence between the compounds prepared 
for painting iron and steel and the 
ordinary lacquer employed for wood, 
but its principal element is still the 
gum lacquer. The inventor of the new 
composition had great difficulty in 
conquering the tendency of this material 
to get very hard and then to crack, but, 
according to the reports, he has 
succeeded at last. Experience has 
shown that a ship protected with this 
variety of lacquer has been able to keep 
afloat in tropical seas for 3 years — 
going into dry dock only once instead of 
6 times during that time, as usual. A 
ship of the Russian Pacific squadron has 
tried the new coating, and the result has 
been very satisfactory. It is conse- 
quently thought that at last a toleraby 
perfect anti-corrosive coating for iron 
and steel structures has been discovered, 
which may render substantial service in 
the perservation of all descriptions of 
erections in these materials. The fir^t 
cost of the preparation is rather high, 
but it is claimed that the excess of cost 
is more than compensated by the pro- 
tection obtained. For ship use it is also 
asserted that great advantage accrues 
from the high polish which this lacquer 
retains while the coating remains 
perfect, but, on the other hand, fears 
are expressed that the supply of gum 
lacquer will be unequal to the demand, 
if the requirements for these engineer- 
ing purposes are added to the regular 
consumption of the article for orna- 
mental joinery and cabinet work. (^Sci 
Am,') 

Japanese Lacquer (Urushi). 
— Urushi is the milky secretion otBhus 
vemicifera^ and is the material for the 
well-known Japanese lacquer varnish. 
The tree is cultivated in many parts of 



the country, throughout almost all 
latitudes, e,g,^ at Dewa, Aizu, Hiro- 
shima, and in many places about Tokio ; 
the best urushi, however, is obtained at 
Yoshino. The tree is very similar in 
aspect to the ordinary wax-tree, and 
attains the height of 9-12 ft. Trees 
about 15 years olJ yield the largest 
amount of the juice. Two sorts of the 
juice are generally obtained from a tree, 
and by different processes. They are 
distinguished as ordinary " ki-urushi " 
and " seshime-urushi." 

Ki-urushi (or raw lacquer) is the 
better of the two, and is collected best 
in June by making shallow cuttings in 
the stem of the tree, when it exudes as 
drops from between the outer and inner 
barks. A single tree yields on an 
average about 2^ grammes of this kind 
of juice. Branches and twigs of the 
tree, some of which are usually cut 
down each year, when steeped in water 
for some months and afterwards warmed 
in the fire, give out an inferior kind of 
juice ; this is seshime-urushi, which is 
used as. under varnish after being mixed 
with some drying oil. 

The juice is never sent to market in 
the form in which it comes from the 
tree, but is usually mixed with more or 
less of what is called ^^mokuyiki" 
(literally wood-juice), e.^., what is 
ordinarily called Yoshino. Urushi con- 
sists of 60 per cent, of the genuine juice 
with 40 per cent, of mokuyiki, while 
the inferior quality contains as much as 
70 per cent, of the latter substance. 
Further, in the hands of varnish makers, 
some quantity of linseed oil is generally 
added to the already mixed juice, which, 
if excess is avoided, does not much im- 
pair the drying power of urushi. 

Different colours are imparted to 
urushi by the addition of body pigments, 
such as lamp-black, vermilion, indigo, 
orpiment, &c. ; thus red lacquer is pre- 
pared with 20 parts of linseed oil, 70 
parts of urushi juice, and about 10 
parts of vermilion, etc. Such is a 
rough yet general account of the ex- 
traction and preparation of urushi juice 
for varnish-making. The pure and 
unaltered urushi is a thick greyish 
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fluid of dextriQous consistence, which 
under the microscope is found to consist 
of minute globules, some of darker, 
the others of lighter colour, mixed with 
small particles of opaque brownish 
matter, the whole being held mixed in 
the form of intimate emulsion. It has 
a characteristic sweetish odour, and 
specific gravity 1-0020 (20° C); some 
specimens, such as that obtained from 
Hachioji, contained a good deal of bark 
dust and other impurities, which raise 
its specific gravity as high as 1*038. If 
the juice be exposed to moist air in a 
thin layer at about 20° C, it rapidly 
darkens in colour and dries up to a 
lustrous translucent varnish. It con- 
tains a small quantity of volatile poison, 
which acts terribly on some persons, 
producing a very disagreeable itching. 

A peculiar acid, which I no^v call 
urushic acid, is the main constituent of 
the original juice, as well as of the 
portion soluble in alcohol. The juice 
also contains a very small quantity of a 
volatile poisonous body, which also 
passes into alcoholic solution, being 
almost completely driven out during 
the drying of the acid at 105«-1 \0^ C. 
It is a pasty substance of somewhat 
dark colour, having the characteristic 
smell of the original juice, readily 
soluble in benzene, ether, carbon bisul- 
phide, less easily in fusel oil and 
petroleum of high-boiling point, com- 
])letely insoluble in water. Its specific 
gravity taken at 23° C. is 0-9851 ; it 
remains unchanged at 160° C, and 
above 200° C. decomposes slowly with 
carbonisation. Exposed to the air, it 
neither dries up, nor shows any sign of 
change as the original juice does, and in 
other respects it is a very stable body. 
From the alcoholic solution of the acid 
many metallic salts can be produced, 
most of which are slightly soluble in 
alcohol, but almost insoluble in water. 
Gum is another normal constituent 
of urushi, and forms 3-8 per cent, of 
the original juice. 

As gum is insoluble in alcohol, it is 
conveniently separated by treating that 
poi-tion of the original juice insoluble in 
alcohol with boiling water, filtering, 



and finally evaporating the aqueous 
solution of gum over the water-bath 
till the weight of the substance remains 
constant. In this way a friable light- 
coloured substance is obtained, tasteless 
and inodorous ; this is the anhydrous 
gum. 

A mixture of gum and urushic acid 
(and with water) in the proportion in 
which they exist in the juice, does not 
undergo any change whatever, even 
when exposed to the condition most 
favourable for the drying of the lacquer. 
Moreover, part of the gum can be 
extracted in an unchanged state from 
the once perfectly dried lacquer ; and 
s'nce it exists in the original juice in 
the form of aqueous solution, it probably 
serves to keep the constituents of the 
juice in a state of uniform distribution 
and intimate emulsion. It may also 
act as a binding material, and assist 
the adhering power of the lacquer when 
laid upon any surface. 

The results, so far arrived at, may be 
summed up in the following state- 
ment: — 

Umshi juice (lacquer) consists esscn^ 
tially of four substances, viz., urushic 
acid, gum, water, and a peculiar dias- 
tatic matter; and the phenomenon of 
its drying is due to the oxidation of 
urushic acid, C,4H,g02, into oxyurushic 
acid, C,4HjgO„ which takes place by the 
aid of diastase in the presence of oxygen 
and moisture. (H. Yoshida.) 

Japanning and Japans, (g) 
Metal, — This is simply the process of 
laying a coating of varnish, and after- 
wards drying by artificial heat. This 
second operation, the baking, is the 
essential part in japanning. The ai*t 
was originated in Japan, whence we 
have derived the name. Many examples 
of japanning on papier-mach^ may be 
seen at fancy repositories where various 
ornamental nicknacks imported from 
Japan are on sale. In making this ware 
the Japanese employ a lacquer which 
exudes from an. indigenous tree. Suc- 
cessive coats are laid on, each one being 
thoroughly dried in the sun before the 
application of another. Thus a thick 
hard coating is made, which may be 
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smoothed and polished by abrasive 
materials, though the natural lustre 
suffices for general requirements. Gild- 
ing and other ornamentation is then 
made to adhere by means of boiled oil. 
The whole is finally finished by a coat 
of clear varnish. The above is a rough 
sketch of the art as practised by the 
originators, but we have to deal with 
modem japanning, and confine our 
observations to its application to metal. 

The japanners* oven is a receptacle 
in which the work is placed when being 
heated. Usually the heat is applied by 
means of external flues in which hot air 
or steam is circulated. By this system 
the temperature may be regulated to 
great nicety, the supply of heat being 
controlled by dampers or stop-cocks. A 
sheet iron box, encased by another of 
the same shape, but somewhat larger in 
size, so that an intei*space of an inch or 
two exists between them, is the most 
simple form of oven. Heat is applied 
to the interspace, and thus an even 
temperature is maintained. A flue must 
be provided to carry off the vapours 
which arise from the japan. A door- 
way, by which to introduce the articles, 
provided with a tolerably well-fitting 
door, is, of course, essential. Hooks or 
wiYe shelves are provided, by which 
the work is supported, so that the heat 
may take effect equally all round. 
Moisture, dust, and all other extraneous 
matter must be carefully excluded, so 
that the japanning may be kept per- 
fectly clean and free from foreign sub- 
stances. Thermometers are hung in 
the oven to indicate the precise degree 
of heat, which is regulated as explained 
above, to suit the requirements of par- ' 
ticular work. 

Metals require no special preparation 
before laying on the japan. After being 
wrought to the desired shape, and 
smoothed as much ns may be considered 
advisable, the article has only to be 
made thoroughly clean to prepare it for 
japanning. The surface must be quite 
dry, or the japan will not adhere 
properly. Wood requires to be primed 
and otherwise prepared for japanning. 

Japan, that is the paint-like material 



to be laid on the metal, is made of 
shellac rarnish, with which may be 
incorporated any pigment necessary to 
produce a desired colour. Shellac 
varnish is made by dissolving shellac in 
alcohol. A better varnish for japanning 
is made by adding resin and shellac, 
2oz. of each, to 1 pint methylated spirit. 
Any pigment may be added to such 
varnish to form japan of the colour 
required. A few formulae may be 
useful. Black : Mix lampblack or 
ivory-black — this latter preferably — 
with the above varnish. Another black : 
Melt lib. asphaltum, and mix with the 
same quantity of balsam of capivi, thin 
the mixture to a workable consistency 
with hot oil of turpentine. Another 
black : Mix lampblack with oil of 
turpentine, and grind smooth on a 
muller, thin the mixture with copal 
varnish. White : Flake white, or white 
lead, ground up with J of its weight of 
starch ; this must be thoroughly dried, 
and mixed with mastic varnish. Yellow : 
King's yellow is used as the pigment, 
but the effect is considerably improved 
by dissolving turmeric in the alcohol 
before adding the shellac to form the 
varnish. Various colours are made 
simply by the incorporation of a suit- 
able pigment in the varnish made as 
described above. 

Tortoiseshell japan is extremely 
pretty, and comparatively easy to 
manipulate. The work is first coated 
with a japan made by boiling 2 pints 
linseed oil, to which ^ lb. umber has 
been added, till it becomes thickened ; 
the mixture is then strained and fur- 
ther boiled till it becomes of a pitchy 
consistency. This is mixed with tur- 
pentine to a workable consistency and 
then applied. On a thoroughly dry 
coating of this japan lay a quantity of 
vermilion spots to represent the clear 
portions of the shell. The vermilion 
japan is made by adding vermilion to 
shellac varnish ; it should be laid on 
thinly and dried. The whole sur- 
face is then finally coated with a thin 
layer of the above described brown 
japan, still further diluted with tur- 
pentine. A long course of stoving will 
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be necessary to thoroughly harden the 
japanning. 

The operation of japanning consists of 
driving ofF the solvents of the japan at 
a high temperature. When the article, 
covered with a coating of japan, is 
placed in the oven and submitted to a 
temperature of about 300 F. and even 
more, the solvents quickly evaporate. 
— ^The residue, a gummy substance, with 
which is incorporated the colounng 
matter, is kept liquid by the heat, and 
in the semi-liquid state forms a smooth 
coating filling any small inequalities of 
the surface. The baking process secures 
a very firm adhesion of the japan to the 
metal, far superior to that of ordinary 
varnish or paint. The japan is also 
made hard, and consequently better 
able to resist wear. When one coat 
is dried another is applied and sub- 
mitted to the action of heat. These 
operations are repeated, as may be 
deemed necessary, from one to six 
times. Each succeeding coat of japan 
will present a more uniform and 
glassy surface. The natural flow of the 
japan generally suffices to produce a 
good smooth surface, but in some cases 
a process of polishing is resorted to 
before the application of the final coat. 

The temperature for light-coloured 
japans must not be sufficiently high to 
scorch, or the surface will, of course, be 
discoloured. Dark japans are usually 
dried at a very high temperature, if the 
article is not likely to be injured by 
heat. The final coating of japan is 
generally a layer of clear varnish, 
which will add to the lustre of the 
surface. Practical experience is the 
best, and, indeed, the only guide by 
which pro6ciency in the art of japan- 
ning can be attained. (P. N. Hasluck.) 
(A) Wood. — A lacquer of great elas- 
ticity, perfectly supple and not liable 
to peel off, is made in the followmg 
manner : — ^About 120 lb. oil varnish is 
heated in one vessel, and 33 lb. quick- 
lime is put into 22 lb. water in 
another. As soon as the lime causes 
an effervescence, 55 lb. melted rubber 
are added. This mixture is stirred, and 
then poured into the vessel of hot 



varnish. The whole is then stirred so 
as to be thoroughly mixed, then 
strained and allowed to cool, when it 
has the appearance of lead. When re- 
quired for use, it is thinned with the 
necessary quantity of varnish, and ap- 
plied with a brush, hot or cold — pre- 
ferably the former. This lacquer is 
useful for wood, or iron, and for wall:? ; 
it will also render waterproof cloth, 
paper, &c 

(0 White is the usual type for 
Tonbridgc ware, &c. Therefore the 
grain should be filled up with plastt r 
of Paris and glue size. As a matter of 
course the wood should be white, such 
as pine, chestnut, lime, or holly. After 
filling up the grain, well paper the 
surface, smooth with glass paper; no 
oil must be used on any account. If 
the appearance is not satisfactory when 
papered down, give another coat of 
glue, size, and plaster of Paris, paper 
down smooth, then give the article a 
coat of varnish made as follows: — 
} lb. flake white, i gill spirits of tur- 
pentine, ^ gill spirit varnish, such as 
white hard varnish or glaze. (N.B. — 
It must be borne in mind, as the 
quality of flake white and the thickness 
of the varnish vary, the quantity must 
not be taken as quite exact, but the 
amateur must be guided by circum- 
stances.) When the first coat is dry, 
paper down and give another coat; 
paper down again, give another coat. 
When quite set give the whole piece of 
work a coat of white hard varnish, or, 
if preferable, a coat of glaze. Work 
done in this style will last for years. 
Should it at any time get bruised, it 
may be papered down and revarnished. 
In grinding colours for coloured work, 
great care should be taken that the 
mixture is worked quite smooth, using 
spirits of turpentine only. Never mix 
with varnish until the colour has been 
well mixed w ith turps, and never mix a 
greater quantity than will be used at 
any one time. For colour japanning 
the following colours are used: — 
Flake white, red lead, vermilion, Prus- 
sian blue, chrome yellow, the various 
pchres, Vandyke brown, umber, lamp*. 
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black, blue black, drop black. With 
these any colour may be matched. 
For black japan a simple plan is to stain 
. the article, or even paint it with lamp 
black and turps. After the grain is 
filled up, then varnish it with black 
japan thinned with turps, after 
which give the article a coat of 
white hard varnish, darkened 
with ivory black, or it may be 
finished ofTwith a mixture of gold 
size and ivory black, but must 
have two coats. 

(J) Trays, Dish Covers, dtc, — 
Well cleanse the covers from 
grease by washing in sulphuric 
acid and water. Rinse in cold 
water until quite free from acid. . 
Purchase any quantity, say 1 pint, 
black, brown, yellow, or red japan 
varnish; pour a small quantity of 
varnish in a cup. Place the cover in 
a warm oven until quite hot ; re- 
move from the oven, varnish the cover 
in one direction, using a camel hair 
brush. When every part required to 
be varnished is done, place the cover 
in the oven for 2 or 3 hours. If 
the article to be varnished is too 
large fer the oven, it should be made 
quite hot in front of the fire, and same 
after varnishing, but care must be taken 
not to allow it to blister, and to keep 
free from dust and draughts of cold 
air. 

MAGIC LANTERNS. 

The Lantern. 

(a) CTieap lantern for gelatine plates. 
— ^The cost of this lantern is nothing, 
for every amateur who practises pho- 
tography has the materials required — 
viz., a green glass bottle and a jampot 
of white earthenware large enough to 
admit of the bottle being placed within 
it. Next cut off the bottom half of the 
bottle, by first holding the bottle over 
a candle, and then plunging it into cold 
water ; this will establish a crack which 
is led round the bottle with a red-hot 
poker, thus cutting it into two parts ; 
then place the upper portion with the 
neck into the jam-pot^ neck upwards. 



and observe how far the neck appears 
above the jam-pot ; this portion blacken 
with Brunswick or Japan black* Then 
take the cork belonging to the bottle 
and cut a piece out of it, like Fig. 51, the 
cork being placed so that the heat and 
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Cheap lantern. 

smoke can escape. The lantern is now 
complete. To use, place a night-light 
at the bottom of the jar, and the bottle 
ever that (Fig. 52). The light should 
not be placed within 4ft. of the develop- 
ing tray, or, if required nearer, a piece 
of orange paper should be placed over 
the jar, with a hole cut in it for the 
neck of the bottle. This light will not 
fog an extra-rapid plate. A beer bottle 
will do for the bottle. 

(6) Beflecting lantern, — A magic* 
lantern which can be used for showing 
opaque objects is thus described : — On 
the inside of each end of the front, and 
on the inside of each end of the box, is 
a concave reflector ; these are so placed 
as to concentrate the light upon the 
picture at the centre of the b^k of the 
box. In a tube F, projecting inward 
from the front, between the mirrors, is 
arranged a sliding tube G, holding a 
convex lens H. This tube is moved for 
focussing by means of a rod J extending 
up to the top cf the back of the box. 
In the box two lamps or other lights — 
such as calcium or electric — are placed 
between the mirrors at each end, as 
shown in A Fig. 53. Above each light 
is placed a detachable funnel. The top 
of the box is curved and the under side 
is polished to reflect the rays of light. 
In the top is a ventilating opening pro- 
vided with a hood to permit the hot 
air to escape ; the supply of air is 
admitted through the perforated 
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are held in place by closing the doors, 
ndd cHD be shirted to appear in the 
openiu; in the back of the boi. The 
light from the Jatnpa is reflected h; the 
mirrors upon the picture, and from the 
same through the lens npon a screen or 
wall. By means of a mirror T on a door 
S hinged to the fi-cnt of the boi below 
or at either side of the tube, the light 
can be reflected upon any desired sur- 
face. Aay Djiaque abject, aucb as a pho- 
togriipb, chromo, cr drawing, can ensily 
be reflected upon the screen in any 
dmred lize, all parts being clear and 
distinct. The pictures do not become 
heated auffidently 



without 



a the appa 
leing destro; 



contrired as to enable one to use 
opaque objects for projection upon the 
screen, initead of glass tranapaienciei. 



for himself, 
and what follows will tell 
him how in a very simple 

wooden boi with a top made 
of tin or sheet-iron ; the 
chimney is made of the same 
material. The lens h the 
same as used upon a camera 
for making photographs. 
At the back of the boi (ai 
will be seen by reference tj 
Fig. 53 A D c) are tvo doors 
placed upon hinges. When 
the boi is in use the door # 
is kept closed, llie other 
door consists of two parts 
placed at right angles to one 
another; the object of this 
is to fill the opening in the 
door « while the pictures 
are being attached to c ; 
■wung into position opposite 
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sible. It shonld be a .trong light ; sn I (if) Portoifc ianfc™ A very com- 

arguid burner is the best. At the [ pact form of magic lantern (Fig. 51) la 
back of the light is a piece of tin bent adapted for all experimental puiposes, 
into the lorm of b reflector. The light | a* well as for the projection of views. 




eomlng ftom h stiites e, 

through the lens npon tl 

plao of the boi ii represented nith the I 

top removed, DimeDEioni will depend { 




Fraubia bntem. 
npon the fool diitance of the Istu and | paralli 
height of the light. Care mast b« ' 
^ued to have the distance tram the { 
leni to c, when closed, equal 
focal disUnce. (T; Carter.) 



ect idea trill 
. . 4i in. con- 
r lantern, and give the dimen- 
of the different parts. The size of 
the condenser aettlea the 
qnertioQ of the measure- 
ments of the other pardt. 

The two condenser lenses, 
plano-conrei, are mounted 
each on a separate board. 
A circle is turned oat with 
■ rabbet in each board, in 
which the condenser seats 
itself, and ia secured therein 
by three buttons. The rear 
condenser board A. ia 6f in. 
■quare. The front board 
B is of the same width, 
but 8^ in. long. To the rear 
one a strip ia screwed acroas 
the top edge, and the front 
one is hinged to this strip. 
At their bases, coming be- 
tween them, two small abut- 
ting strip are secnied. The 
thickness of the strips U 
such that the boards, when 
brought together with the 
strips in contact, are strictly 
and the lenses are held apart 
;h other. 



The frame or base of the lantern ii 
I three-elded square, a little over 6f . 
I across, and 13 \a. long in intert 
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measureineDt. It ia doled at the 
front and open at tbs back of the 
lauteni. It is 2} in. deep, 7} in. from 
iti front; ths baek condenser board is 
hinsed toaetripthat mm across the 
top of the frame, and ia Kciewed ficiiily 
thereto, £ub1i with its upper surface. 
A long brass book / and staple are pro- 
vided for holding the condensers in 
place wheu vertical. The boards are 
held toj^ether, nben di>8ired, bjr another 
shorter hook c with staple. The con- 
daDsers are then in place for horiiontnl 
projection. To arrange them for ver- 
tical projection, the small hook c is 
nnfastened, the front condensGr B is 
pushed up until the two are at nn 

serted, resting against the two bottom 
strips. Tlie mirror shoold be mounted 
on a thinboard or on a brass plate, so as 
to provide strength and pro- 

A mortice is cut in the 
front condenser 6^ in. from 
its top, I in. viiie and 3j in. 
long. A piece of board a is 
cut to slide smoothly back and 
forward through this mortice. 
For retaining the strip in any 
desired place, a hand screws 
is placed on the side of the 
condenser board, nhlch is 
Dotched at both its loner 
corners. A strip of brass is 
attached to the side of this 
strip for the screw to press 
against. 

The strip carries the slide 
carrierftandlensC, Thelena 
is attached to a board about 
4 in. wide and S§ in. high, with 
a, tenon projecting from its 
base. A mortice is cut near 
the end of the sliding strip 



-a the slot in the sliding strip a, 
the slide carrier rests upon the 
Iders formed bjthe npper block. 
A hand screw d is arranged to hold the 
carrier in place where desired. A 
amatler movable mirror D is supplied, to 
be supported above the objective when 
' he Isntern is to be used for vertical pro- 

A piece of sheet iron is fastened across 
the bottom of the main frame, on which 
the lantern E rests. In the front of the 
same frame a notch is cut in which the 
piece a rests. To make its position in 
the front condenser board more sacnre, 
a sscond strip may be attached just 
below the mortice and to the back of 
the board. For lantern, any good 
form of screened lamp may be used. 
If necessary, a sheet-iron box may be 
arranged to enclose the source of light j 




A second n 






lot, ii in. long 
in the strip a. 
1 board 6} in. 



The slide 

high by 4} in. wide. 

attached a piece of wood ^ in- square. 

This is i in. thick, and below it is a 

second piece of the same length, bat 

gust 2 in. wide. The second piece 



Pntable lantern. 

bnt with such a lantern as is here 
shown it is quite nnnecessary. 

Fig. 54 shows the whole ready for 
monnting, the lamp being lighted and 
ready for work. The lamp shoDld- 
always be lighted before beginning, aa 
it may take 5 min. for It to attain its full 
power. Fig. 55 shorn the whole put 
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together nad airanged for eihibiling The slide carrier can alio be niored 
views. By remorlng the Eliile-carrier, backirarils and forwards. By these two 
the entire space between condenser and adjustments, the slide carrier can be 
objcctire it free for the introduction of brought to any point desiied in the cone 
apparatus or performance of eiperi- of raye cunrerging from the condensers, 
ments. A. soap bubble can be blown By moving the lantern backward and 
and projected in thb space. A giasi of forward, any modifieation in the direo- 
water can be very prettily shown, and tion of the light rap emerging from the 
the lantern will be found admirablj condenser can be giren. A lime light 
adapted for the expei'jmenter^s nse. ■ can he nsed instead of an oil lamp; but 
Uig. 56 shows the lantern arranged for 1 aa the object was to show n portable 



I, the forn 




S. (_T.0'C0Q0 



s the imp 

imp, there are some 
others not before met with 
in the ordinary lantern. The 
shape is somenhat difTerent — 
the square front carrying the 
objecUve being an arrange- 
ment for eihibiting opaque 
objects, which has hitherto 
been accomplished by a sepa- 
e of apparatus, the 



I the h 



Portable Untem. 

vertical jwojectlon, the ontline of the I works of 
mlrrDr being given in dotted lines. As i is reqniri 
the ilide-carrier is not always used for screw the 
work in this position, it, too, is shown The flat 
in dotted lined. then broi 

If all is properly constructed, the a .proper 
apparatus will be susceptible of all 
kinds of adjustments. The sliding 
board a can he moved back and forth in 
the inartic« in the fto^^ cofideiiHr towd, 



effected al- 
most momentarily For exhi 
biting transparencies tl>B 
objective is screwed into the 
Intfaia flange, with a cap 
screwed in to eiclude the 
light nhen not in use The 
light from the lamp> passes 
through the condenser in the 
ordinary way to the objective 
When required for opaque ob- 
■ects, such as a CD. v., medal, 
, iratch, &c., &c,, all that 

ibjective into the 1 " 



: the 



and tiied > 



from the condenser back on to the ob- 
ject by a piece of metal drilled with 
a number of holes, and a pin fixed 
btneatb. The object is then reflected 
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throngh the objective on to the screen. 
This arrangement will be found very 
terviceable for introducing many inte- 
resting objects in the course of an 
exhibition, which otherwise could not 
be done without first having them 



moderate-sixed lecture rooms. The 
difficulty of the accurate adjustment of 
the wicks, so as to avoid smoke, &c., 
from so many burners, is obviated by a 
very simple but, at the same time, very 
effective arrangement of a fan or 



67. 




Pentapliane lamp. 



photographed and made into slides in 
the ordinary way. The 5 wicks of the 
lamp are arranged parallel, and the 
light given is, certainly, one of most 
intense brilliancy and, for transparencies, 
all that cm be desired for schools or 



shutter placed in the iron chimney ot 
the lamp, which regulates the current 
of air so that, when the flames are left 
at a moderate height all level, by 
turning the fan the current of air is 
increased, and the combined Ui^m^s 
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dnwn upwards and toyrards the centre, 
where the grentest aniouDt of illami- 
nation is, of course, required. The 
lantern appears to be well made In atj 
its ports; is fitted with 4 in. condensers 
and portrait combination objective : and 
is made eicesdinglj portable, packing 



■re used, bnt for the mere purpose cf 
eihibiting a seriesof photographic views 
there is no need of two iantem), unleu 
it be for the purpose of effect, and that 




into a light iron case onl; 13 Id. b; 
7) in. by 13 in., and leaves Dotbin^ to 
be desired by those who wish for a 
compact and complete Instrument ready 
at a moment's notice. 

Carrier for Slides.— The lantern 
slide carrier may sound to some a very 
unimportant part of the lantern outfit, 
yet it Is the very back-boue of aiQcceiieful 
entertunment. Chadwick, who has 
done much to simplify lantern manipu- 
latiaua, has OTercome, to a certain eitent, 
the ditficulty of eihibitlng slides of 
various sixes. A universal size of slide 
would da much to advance the interests 
of photography and remove a load of 
anxiety fi-cm the mind of the lantern 
conductor. We would then be in a , 
better position to eTchange slides with 
other nations, and be sure of exhibiting 
them vrithont any special arrangement 
In the form of our earrien. 

Chadwick's improved carrier is simple 
and elTecUve enough when two lanterns 



remain there quietly till the lectnrer 
has passed his remarks upon It, and to 
pass as quietly away, is a pleasure wo 
seldom enjoy under present circnm- 
stances. When a single lantern is used 
we are accustomed to see the pictures 
pass along the screen In legular, and 

ugly streak of black between each, 
caused by the binding of the two glasses 
and the round or cnsh ion-shaped mask 
between them. Why this has been so 
long the form ai mouutiag slides is 
difficult to understand : it is much 
better to leave oat the mask, and with 
the picture close up to the edge, bind 
only the top and bottom of the slide ; 
and if the push-along process of eihibi- 
ting be adopted, we have something 
more approaching a panoramic effect, 
and the eye will not be so painfully 
impressed with what in reality appears 
tnore prominent thyn the picture itself, 
namely, its mask and binding. This, 
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with the single lantern, will be fotind a 
practical way of getting over the diffi- 
culty when slides of yarioas sizes are to 
be exhibited; indeed there need be no 
limit to the length of the landscape 
slide, though for portraits the mask is 
indbpensable. A universal size of slide, 
after all, would be the most acceptable. 

I shall now describe my carrier and 
the mode of using it. The only difficulty 
in the way of its being immediately 
adopted is that a special arrangement is 
necessary to be made with that part of 
the lantern which bears the lens. The 
improved Sciopticon requires no altera- 
tion except in the hood which shades 
the light between the condenser and the 
objective. The carrier requires no great 
amount of mechanical skill to effect the 
desired alteration. Figs. 58, 59 give 
some idea of the shape and mechanical 
arrangements of the carrier in its 
improved form: — 

A B Fig. 58 is the frame, which may 
be made of either wood or metal. C is 
a spindle which passes from side to side 
of the frame, terminating at each end 
with a suitable thumbscrew, by which 
it is turned in the act of changing the 
slide. D, two metal plates passed 
through the above spindle, which act as 
levers in pushing away the slide. £ 
may be called a self-acting balance 
lever, the form and action of which will 
be better seen in Fig. 59. F is a spring 
to counteract the force of the falling 
slide, upon which the successful working 
of the carrier much depends, in adjusting 
which be careful to give it a slight turn 
inwards, so that the slide on falling may 
not be forced outwards. Fig. 59 is a full 
size section of the principal part of the 
carrier as seen from the side : ^ is the 
spindle ; h the self-acting balance lever, 
which is simply a plate of metal bent 
round the spindle in the form repre- 
sented, the round black part of which is 
611ed with lead, thus causing the lever 
to press against the slide «, and hold it 
in position till forced away by the 
spindle levers in the act of changing the 
slide. 

In using the carrier, drop a slide in 
at the top of the frame at A B, Fig. 58, 



till it rests on the spring F. That being 
exhibited on the screen, drop another 
slide in at the top as before, while the 
spindle levers are lying in a horizontal 
position, thus preventing the top slide 
from coming in contact with the bottom 
one. The lecturer having finished his 
description of the view on the screen, 
gives the signal, while you give the 
thumb-screw C a slight turn, and, in a 
flash, the scene is changed. The slide, 
on being expelled from the carrier, falls 
forward upon a cushion or pad, from 
which it is removed during the descrip- 
tion of the succeeding slide, and so on 
till the close of the lecture. (J. McKean.) 

(J) Biumal Lantern. — ^A difficulty with 
many has been that they cannot obtain 
coal gas ; and they find the oxy-calcium 
process with spirits of wine not easy to 
manage. The symmetrical condenser is 
now much in use. A hint for steadying 
the jet and lime holder is by filing away 
the supporting rod on the side opposite 
to the screw. This simple plan is so 
effectual for the object designed that it 
ought to be generally known and 
adopted. 

Sources of light are the first point for 
consideration. The forms are as follows : 
The lowest form of lime-light is the oxy- 
calcium or spirit-lamp jet. In this 
form a jet of oxygen gas is thrown on to 
a spirit-lamp flame, and, striking on a 
cylinder of lime, produces the lowest 
form of lime-light. This light, under 
usual conditions, is equal to 150 candles. 

The next is the safety oxy-hydrogen 
jet. Here we use a jet of gas from the 
nearest gas fitting, and through this 
the oxygen jet is thrown, as described, 
on to the lime. This form is perfectly 
safe, and gives a light equal to 190-200 
candles. 

The most powerful of all is the true 
oxy-hydrogen jet. Here we have both 
gases (the oxygen and hydrogen) under 
a much higher pressure. The jet is so 
constructed that the two gases mix in 
the chamber of a jet, and pass through 
the jet into the lime cylinder. This jet 
is equal to 400-425 candles. The light 
is most intense, and with it views 35 ft. 
diam. may be shown. Its great draw- 
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back is that it is only safe in the hands 
of an experienced operator. It is a form 
requiring careful manipulation in every 
respect, but if certain conditions are 
complied with, it can be used without 
danger. 

Highley describes an oxy- spirit lamp 
which seems perfect in all its arrange- 
ments. Pumphrey*s vaporiser, when 
yoQ cannot get coal gas, is an inex- 
pensive apparatus, and can be used with 
any lantern, the spirit being volatilised, 
and burned without a wick at the 
mouth of an ordinary safety jet. There 
are, however, two or three points to be 
observed in order to ensure success. 
Much depends upon the construction of 
the burner. If you use an oxygen 
nozzle with a very small bore, and force 
the gas through it by strong pressure — 
say 66 lb. or more on the bag — there 
will be a dark nucleus in the centre of 
the incandescent lime spot, supposing 
the cylinder of lime to be somewhat 
near to the orifice of the jet. And not 
only so, but on looking into the anterior 
glass of the lens from the front, you 
will see the same dark centre, with a 
ring of light surrounding it, something 
like an annular eclipse of the sun. The 
explanation is that the two gases are 
travelling at so different a rate at the 
time of their emergence from the jet, 
that they do not mix properly, and 
hence there is an excess of oxygen in the 
middle of the flame, producing a cooling 
effect. 

Some say that the greater the pressure 
on the gas bag in the oxy-calcium 
process, the better the light ; but in my 
own practice I find quite the reverse, 
<ind have obtained the best results by 
using a low pressure not exceeding 28 lb. 
The oxygen then travels slowly, and 
mixes more thoroughly with the spirit 
vapour before the flame touches the 
lime. Qttantity of oxygen, however, is 
important, and hence I enlarge the bore 
to ^ in. to compensate for the dimin- 
ished pressure. A single trial will show 
the advantage of this enlargement of the 
bore, the light being better and more 
steady, whilst the lime requires to be 
turned seldom, or not at all. 



Look at the matter from a common- 
sense point of view. In this oxy- 
calcium process you have spirit of 
benzoline vapour escaping slowly 
through a large^oriBce of | in. diameter, 
and you send a small and rapid stream 
of oxygen into the centre of it. Unless, 
therefore, the lime cylinder be at some 
distance, the two gases cannot mix. 
When, however, you use a larger stream, 
and one whose rate of travelling corre- 
sponds more nearly with that of the 
spirit, the admixture is perfect, and 
complete combustion is the result. At 
all events, whatever the theory may be, 
there is no doubt that in practice the 
latter method gives the best result. 

The -J^ in. oxygen orifice may be 
measured by an amateur sufficiently 
nearly by stamping it on a sheet of 
paper, and making five impressions, side 
by side, which ought then to measure 
i in. ; or by picking out a stocking 
needle which exactly fits into the bore, 
and pricking a few holes on paper close 
together. 

A beginner will, perhaps, find a 
difiiculty in centring the jet in the 
lantern when it is heated by the 
small lamps employed with Pumphrey*s 
vaporiser. To avoid this, cut a circle of 
paper the size of the condenser, with a 
small hole in the middle, and stick it on 
the back glass with a wafer. You will 
then see exactly the height at which 
the jet should be fixed to bring the lime 
spot on a line with the optical axis, and 
it will remain only to cut a half cork, or 
a piece of soft wood, and tie it, under- 
neath, on to the supporting pillar, so 
that for the future the jet may be 
dropped on to it, and screwed up 
securely. I work the oxy -calcium pro- 
cess with the lime cylinder rather near 
to the jet, although not quite so near as 
in the oxy-hydrogen process. In all com- 
parative experiments, the distance from 
the jet should be noted, as it has an 
influence upon the result. The soft 
limes are preferable to the hard, when 
low pressure i« to be employed. As to 
construction see Figs. 60-70. If we sup- 
pose, side by side, two mahogany body 
lanterns, and if we place one of them on 
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the top of the other, making the 
necessary arrangements as to carrying 
the trays, etc., we have the first prin- 
ciples of the bi-anial lantern. In doing 
this we find an obstacle arises, the disc 
of the upper lantern does not coincide 
or register with that from the lower one. 
Hence we are compelled to either tilt 
the upper lantern downwards, or in 
some way to obviate this. If we, 
therefore, allow the stage carrying the 
condenser, slide holder, telescope front, 
and focus lens of the lower lantern to 
remain as it is, but fit the upper stage 
to the mahogany body with a hinge, and 
arrange for its adjustment, which can 
be done by having a spring to press it 
outw irds and two milled-head screws to 
draw it back, we then are able to cause 
both discs to coincide on the screen. 
This plan was the one adopted by 
Highley. Other makers adopt a pre- 
ferable arrangement, and make both 
stages movable. Assuming^l^hat, instead 
of two lanterns, one on the other, we 
make a body specially adapted, dimen- 
sions as follows would beusuitable : — 

Fig. 60 shows the wood body ; height 
18 in., inside measurement 7 in. by 9 in., 
bottom projecting 3} in. The bottom, 
Fig. 61, 13^ in. by 94 in. It is easy to 
make a lantern, which, for appearance, 
looks compact and portable ; but nothing 
smaller than the sizes named will give 
an instrument that will work well with 
good ventilation. It is a somewhat 
costly matter if, in reducing space, we 
find some evening that the woodwork of 
the lantern is on fire, and that one or 
both condensers are damaged. Inside 
the body should be a lining of either 
sheet iron or tin plate. Figs. 62 to 65 
show various views of this. It should 
be kept off the mahogany, so that an 
air space of }-|- in. is left all round. 
This, when the lantern is in use, allows 
a current of air to pass up, and so pre- 
vents undue heating of the wood. Fig. 
62 shows the side measuring 18| in. by 
9 in., with holes 6 in. square. Fig. 63 is 
the back, 6 in. wide. A good way of 
holding up the lining is to screw it to 
wood blocks (the thickness of the air 
space), which, if placed in the angles, 



will not interfere with the air currents. 
At the bottom of the lantern, and 
secured to the feet, is a tray-holder of 
sheet-iron ; in this slides the bottom 
tray, measuring 34 in. by 8^ in., and 
shown at Fig. 66. Halfway up is another 
tray to work with the second or upper 
system of lenses, and this is carried by 
another holder, which should be riveted, 
not solderedy to the metal lining. In 
work, the lower jet would so heat the 
bottom of the upper holder, and, in 
consequence, the tray, that damage 
would result. To obviate this use a 
flame guard or deflector. This is a piece 
of sheet iron, shown at Fig. 65, also 
riveted to the lining and tin below the 
bottom of the tray holder, the air space 
between being found to sufficiently pro- 
tect the upper jet and tray from 
damage. Farther up the lining is 
turned over on a wire, so as to terminate 
about 1 in. below the mahogany work* 
By this means the hot air passing up 
the air space escapes into the upper 
chamber of the lantern, and so out by 
the hood. On the right hand side of 
the lantern should be the doors ; they 
are 6 in. square, with a hole 1^ in. dia- 
meter through the centre (see Fig. 67). 
The doors, as well as the body itself, 
should have a tin or sheet-iron lining, 
kept off 4 in., as described. In the 
centre of the doors should be a circular 
hole 1^ in. diameter. The use of this is 
to be filled with a piece of dark blue 
glass (the tin lining being cut away to 
match) through which the operator can 
examine his limelight jet, without being 
exposed to its dazzling brilliancy or 
having to open the door. 

Next comes the back (see Fig. 63); here 
we must cut away the wood and lining, 
so as to obtain an aperture through 
which the tray and limelight jet pass. 
At the front. Fig. 64, two circular holes 
must be cut where the condensers pass 
through, and should be i-f in, larger 
than their diameter. 

As to the arrangement of front, 
Stewart, Middleton, and many other 
well-known makers fit the entire lens 
system to a brass plate or stage, Fig. 68, 
which is hinged to the lantern body, 
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and Bdjoated, fis described ; tha con- [ acroB* Ihe centre of the lantern front, 
denur being carried by a abort tube and carrying the condeoBer oa the inner 
projecting into the lantern, nhilet the side, and the brass front and focus lens 
^oirer or fociu lene is carried, a> usual, [ us before deEcribed. In this form, Fig. G9, 
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at the end of the bi 
and eeveral other i 
other hand, lit, as 
door hinged to ( 



the slide-holder and stage are of mahog- 
any, and on this plan (which i> superior 
mahogany in maoy points) all our highest elais bi- 
nnning | aud tri-unlal lantema ar« constructed. 
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This plan, though more costly, has 
advantages in appearance and facility of 
adjustment — ^the coincidence of the discs 
being secured with milled-head screws 
passing through the ends of a brass 
strap running across the doors. This 
has one great advantage : it dispenses 
with springs of any kind. The wood 
and cap for the top of the lantern are 
shown at Fig. 70. The condensers 
should be either 3^ in. or 4 in. diameter. 
The focus lenses, which should be of the 
double achromatic form, with rack and 
pinion, are now made to give long and 
short focus. 

The utility of this is in working with 
a screen of given size, say, for instance, 
10 ft., 12 ft. 15 ft. or 20 ft. Assuming we 
have an achromatic power of which the 
short focus is 44 in., and the long 9 in., 
we can utilise tne concave of the back 
combination, as also the crossed bi- 
convex lens, to either further prolong or 
shorten the focus. Taking the example 
of a screen 20 fit., and supposing we have 
to work in a room 25 ft. long, our double 
combination just covers it nicely. But, 
supposing the room was 50 ft. long, we 
should be just in the middle of the 
audience. We will use the long focus 
lens, and, placing ourselves at the 
further end of the room, we still throw 
the 20 ft. disc By the same mode, if 
we have a room larger still, by using 
the concave back we can still further 
lengthen the focus. By this means an 
expert operator can place himself at any 
convenient distance, and still maintain 
his given diameter of view on the 
screen. The front or tubes of this form 
of lantern are so constructed as to slide 
one within the other, and by this means 
we are able to lengthen our tubular 
front when using Jong-focus lenses. 
(^Amateur Work,) 

Slides. — Printing frame. — ^To print 
transparencies for the lantern by con- 
tact, when the negative is of a larger 
size than the. picture required, necessi- 
tates some special kind of printing frame, 
if the negative is to be kept free from 
scratches. The following may be simply 
made, and will be found- a great conve- 
nience where a number of pictures are 



required alike : — Take an ordinary 
printing frame, say a 12 by 10, of the 
kind made to use without a plate-glass 
in front, and in the rebate where the 
negative is usually placed fasten, with 
strips of paper all round the edges, a 
piece of very flat glass ; turn the ^*ame 
over, and on the* other side of the glass 
fasten a mask of paper or cardboard 
having an opening 3^ in.by 3i in. exactly 
in the centre. Now, in place of the 
ordinary hinged back, make a frame of 
the same size and thickness, with an 
opening in the centre about 6 by 4 in., 
and cover all over one side, with the 
exception of the opening, with a piece 
of velvet. This frame, when placed in 
position, will be held by the springs that 
originally held the hinge back. To 
complete the arrangement, cut out a 
piece of dry mahogany 1 in. thick, and 
exactly 6 by 4 in. to accurately fit the 
opening in velvet-covered board, and on 
this block draw a square 3^ in. by 3 J^ in. 
exactly central. At one end of this 
square glue down a very thin slip of 
hard wood — that is, rather thinner than 
the glass plates to be used — and at the 
other end cut a mortice 3^ in. long, and 
about 1 in. wide, right through the 
block, beginning just within the 3^ in. 
line, say -j^ in. less. Into this mortice 
tit a piece of wood 3^ in. by 1 in. by ^ in. 
On to one side of this piece glue a 
similar strip of hard wood to that 
placed on the end of the block only, 
projecting ^ in. each end, and on the 
other side screw a similar piece so that 
it can be removed. Place the piece in 
the mortice and screw on the back slip 
of wood ; there will then be left a space 
of i in. at the end, just room to put a 
piece of bent steel clock spring suffi- 
ciently strong to clip the 3i in. plate in 
position. The sides of the block may 
be rebated down ^ in. at the 3^ in. line 
to allow the thumb and finger to adjust 
the plate in exact position. To com- 
plete the frame, place the block in the 
opening of velvet board, and arrange an 
ordinary brass pressure frame spring to 
keep it in position. For use, take the 
frame, remove the board, and adjust the 
part of negative required over the S^ in. 
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spening, then place over the velvet- 
covered board, and fasten down the 
porings. The 3i in. plate is now clipped 
in the block, and dropped carefully into 
the opening over the negative, and after 
exposure is lifted out in the same way, 
so that any number of exposures may 
be made exactly registered in the same 
position, without the chances of injury 
to the negative which often occurs 
unless some such arrans;ement is 
adopted. (A. Cowan.) 

8ize^ Shape, and Mounting, — ^The 
size generally adopted for a lantern 
slide is 3^ in. square, with \ in. margin, 
which gives the sight of the picture 
2f in. square. By "square" 1 mean 
the so-called cushion shape — that is, 
square, with the four comers rounded. 
All lanterns of any pretensions are 
fitted with condensers of 4 in. diameter, 
and this will take nicely the shape 
above-named without any falling off at 
the corners, the diagonal of the open- 
ing of the masks for the purpose being 
3} in. If the lantern is fitted with 
condensers of 3} in. diameter only, 
masks with round openings can only 
be used for all pictures, unless one is 
satisfied with only small-sized pictures. 
As regards condensers, many of the 
modem lanterns are fitted with con- 
densers made with two plano-convex 
lenses, mounted with their convex sides 
to each other, and the two piano sur- 
faces outwards. For limelight, a con- 
denser of this kind is the worst form, 
as it is almost impossible, when 
centering the light (especially when 
the mixed jet is used, where the light 
emanates from a very small spot only), 
to get a perfectly flat field, or " depth 
of focus " ; and the adjustment of the 
light requires to be very accurate or 
the disc is not perfectly white. Not 
so if the other form of compound con- 
denser be used, made up of a bi-convex 
lens, and the other lens of a meniscus 
form; and when mounted, the side 
which is concave being towards the 
light, and the convex side towards the 
screen. A condenser of this kind always 
gives the best results with the mixed 
jet. The defect in the first-named 



condenser is not so great if the safety 
or blow-through jet is used, as the spot 
of light, on the lime is much larger; 
and the defect is still less in the oil 
lantern, as the size of the flame is still 
larger. The piano-condensers are used 
as being much cheaper. 

To avoid mistakes, the masks for 
lantern slides are best made of what is 
known in the paper trade as surface 
paper — that is, paper black one side 
and white on the other, the black side 
being placed towards the film, and the 
white side towards the cap glass, and 
on this white side of the paper the 
name of the subject can be written 
with pen and ink. The white side is 
also very convenient, as it can be 
easily seen in a very dull light by the 
operator. In making slides for 
amateurs, I generally mount them 
in this way; but I think a more 
elegant way is to use masks black on 
both sides, and write the title in white 
with a pen. To do this, get a bottle 
of Chinese or permanent white, empty 
the contents into a much larger bottle, 
and thin down with water, stirring 
well with a piece of stick kept for that 
purpose, to a consistency that will flow 
in an ordinary fine-pointed pen. Or, 
if the title is long, it is best to use a' 
steel pen called crow-quill size, or a 
lithographic pen; the writing is then 
quite as easily done as with an 
ordinary pen and ink. The white 
must be occasionally stirred or shaken 
up, as the pigment being heavy soon 
settles. 

Whichever system of mounting is 
used, the white side, or where the title 
is written, this side always goes to the 
light, unless the pictures are to be 
seen by the audience on the other side 
of the sheet, then matters are reversed, 
and the white or written side of the 
slide must go towards the sheet. 

The shape of opening of the mask is 
a matter of taste and judgment accord- 
ing to the subject ; for ordinary land- 
scape or interiors, ^the cushion shape 
will generally be found the best, 
except in some instances where there 
is something objectionable in the 
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comers, then a circular opening may 
be an improvement. Or take the 
subject of a distant landscape with too 
much of a grassy field in the fore- 
ground, the circular shape decidedly 
will be a very great improvement ; in 
few instances an oval will be a greater 
improvement still. For portraits, the 
oval form is far superior to any 
other. 

In many instances, the square or 
cushion shape is not suitable to the 
subject, especially where slides have 
to be made from negatives not taken 
for that purpose. The 7^ in. by 5 in. 
and the 7^ in. by 4^ in. size negatives, 
are mostly very unsuitable to contract 
into a square shape, unless the sides 
contain unimportant matter and can 
be cut off; if the whole of the subject 
has to be included, it is better to make 
a mask of the same proportions. In 
some instances, the sky can be made 
higher ; if the subject be a flat country 
scene, then the sky being made higher 
will give a better representation of 
the flat or marshy country ; but if the 
subject be mountain scenery, making 
the sky higher would have the effect 
of dwarfing the mountains, which 
would not be truthful ; just the same 
as in mounting an ordinary portrait, 
the higher the subject is mounted the 
taller he or she looks, and the lower 
the shorter, and it is just the same 
with the landscape subjects before 
alluded to. Many pictures are entirely 
spoiled by injudicious mounting, 
whereas, with a little care and taste, 
their value would be greatly enhanced. 
The masks I use I generally purchase 
by the gross, of the standard sizes, 
taking care that they are accurately 
cut and not out of the centre ; and for 
odd sizes I have a lot of shapes made of 
hard sheet brass, 3J in. square outside, 
with the various sized openings, using 
the Woodbury cutter, which is very 
easy, cutting on a piece of plate-glass. 

As to the binding of slides, nothing 
is better than thin black paper — not 
the ordinary so-called needle-paper 
that is generally used. The thicker 
the paper the more easily it is pushed 



off. Many use gum to stick it on with. 
Paste with the thin paper sticks far 
better than gum. This heat of the 
lantern makes the gummed paper 
tumble off the glass, whereas it has no 
effect if paste is used. To make the 
binding more durable, if a little trouble 
is not an object, and the thin paper is 
used, just pass a camel-hair brush, 
charged with ordinary negative varnbh, 
over the paper, which makes it very 
hard, and stand a lot of rubbing with- 
out getting damaged. (W. Brooks.) 

Making. — The requisites of a good 
lantern picture are : — (a) Artistic com- 
position, the arranging of the subject 
in such a manner that as the eye 
wanders over it its beauties continue 
to grow, and the imagination receives 
an unalloyed feast of satisfaction and 
pleasure. To some extent it is possible 
to teach the art of composition — at all 
events, so far that its simplest canons 
may escape violation — but the 
capacity of renderiuj^ true art is a 
gift of nature. (b) The technical 
excellence of the picture, its mechanical 
production. 

The wet process yields the best 
results in many cases. It is at times 
somewhat troublesome ; still, with 
care and observation, its difficulties 
can be overcome. Collodion — that is, 
pyroxyline dissolved in ether and 
alcohol — ^forms the vehicle to receive 
the sensitive salts, and a collodion that 
has been iodised some time is necessary, 
otherwise the high lights of the 
picture will suffer. Thin glass cut to 
the standard size is taken, and after 
standing some time in sulphuric acid 
and water, it is carefully dried with a 
cloth free from soap or other grease. 
One side of the glass is then coated 
with the following solution, which 
must first be filtered through filter 
paper : 

White of eeg, well beaten. 

Ammonia liquor * 880 . . 1 oz. 

Water, according to quantity 

of albumen 15-20 oz. 

The coating is performed by pouring 
a small pool in the centre of the plate, 
then gently inclining it so that it runs 
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to each corner; the excess may be 
thrown away. So soon as the plates 
are dry, they are ready for use. Witli 
a soil brush carefully dust the pre- 
pared surface, flooding it with collodion 
in a similar manner, but returning the 
excess to the stock bottle. This is to 
avoid dust, a serious enemy. During 
the draining the corner should be kept 
in contact with the bottle, and the 
plate gently rocked to avoid a streaki- 
ness or uneven setting of the collodion. 
Directly it is sufhciently stt — the best 
test of which is trying the upper 
comer with the finger — it is steadily 
and evenly lowered into the sensitising 
bath by means of a dipper. 

A good bath for lantern slides is 
made as follows : — 

Pure nitrate of silver 

recrystallised .. 40 gr, 

DistiHed water . . . . 1 oz. 

rendered slightly acid with C.P. nitric 
acid, one or two drops of which will be 
sufficient for 12 oz. solution. 

When the bath is mixed, for each 
12 oz. add } oz. of the jodised collodion, 
and shake very thoroughly ; let stand 
2 hours, then Ifilter. The bath should 
now be quite clear and in good working 
•rder, but may occasionally be placed 
in the sun for a few hours, and after- 
wards filtered, when it will work 
cleanly until the silver is exhausted. 
When the plate has been in solution 
about 2 minutes, it should be slightly 
moved to help the escape of the solvents, 
and in about 4 minutes may be ex- 
amined by yellow light. If the surface 
is free from greasy lines, it is ready for 
exposure in the camera. 

A good negative is necessary for a 
successful slide. It should be ^* plucky," 
so as to admit of a fair exposure. 

A good developer is made as fol- 
lows : — 



Protosulphate iron . , 

Acetic acid 

Honey . . • . . . . 

Alcohot 

Water 



2 
1 

8" 



} oz. 



Use plenty of developer, and cover the 
plate in one even wave ; never mind 



spilling a little, though practice will 
enable you to avoid this. As soon as 
all detail is well up, thoroughly wash 
and intensify with — 

Pyrogallic acid .. 24 gr. 

Citric acid . . . . 24 „ 

Acetic acid . . . . J oz. 

Water 24 „ 

Enough to cover the plate is taken, 
to which, immediately before use, a few 
drops of the silver bath are added. 

Do not over-intensify, as the picture 
does not lose much in fixing, for which 
operation hyposulphite of soda may be 
used on the ground of safety, but 
cyanide of potassium acts more quickly 
and perhaps more cleanly. Slides by 
this process are a good color, and do not 
need toning. A coat of clear varnish 
improves the transparency of the 
shadows. 

Whether printing in contact or by 
means of the camera, I strongly recom- 
mend a full exposure. Gelatine plates 
are sure to show {n§ if forced, and how- 
ever slight that may be, it should ensure 
their immediate rejection. Indeed, it is 
well to select a really good slide as :t 
standard both as to density, tone, and 
clearness in the high lights, and those 
that do not come up to it should not be 
kept. For dry plates I prefer a soft 
negative full of detail. If the skies are 
not sufficiently opaque, they must be 
stopped out. 

The solutions required are 10 per 
cent, ones of the following : Pyrogallol, 
bromide of potassium, ammonia, car- 
bonate of ammonia, and carbonate of 
potash. The pyro is mixed as follows : 
4 oz. sulphite of soda are dissolved in 
boilino: water and rendered acid with 
citric acid. The pyro is then added, 
and the whole made up to 10 oz. with 
water. The other chemicals are simply 
mixed with water, and all will keep 
well. A developer giving a beautiful 
purple tone with Mawson's and Thomas' 
plates is— 

Pyro solution .. 30 minims. 

Bromide .. .. 30 

Ammonia .. .. 30 

Carbonate ammonia 30 

Water to make up to 1 oz. 
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The same colour can be obtained with 
Fry's plates by slightly increasing the 
exposure and bromide, while a fine en- 
graving black is got by shortening the 
exposure, increasing the ammonia, and 
leaving out the carbonate of ammonia. 
Sepia is obtained by full exposure and 
using carbonate of potash or ' soda in 
place of ammonia ; but some makes of 
plate will not yield the sepia tone. 

While the plates are developing, keep 
them in motion ; it adds to their vigour, 
and avoids 6atness, and prevents deposit 
settling upon them. After fixing and 
moderately washing, they may be cleared 
in— 



Alum 
Citric acid 
Water 



2 


oz. 


i 


» 


10 


» 



The addition of 2 oz. protosulphate of 
iron and J oz. more of citric acid will 
considerably moderate the tone, and by 
slightly reducing the slide increases the 
clearness of the high lights. If any 
deposit appears upon the surface, rub 
gently with the finger or a tuft of cotton 
wool. The slide is now well washed, 
allowed to dry slowly away from dust, 
and then varnished. (E. H. Jaques.) 

(6) After your negatives are dry, the 
next step is to make a lantern trans- 
parency from them. The method is very 
simple. A 3| by 3| gelatino-bromide 
plate is exposed behind the negative to 
the light of a good gas-lamp for 3-30 
seconds, as the density of the negative 
may require (6 seconds is the rule for a 
good negative). Develop with ferrous 
oxalate, to which a little chloride of 
ammonium may be added (3 drops of 10 
per cent, solution to 1 oz. of developer): 
fix, wash well, immerse in alum solution 
made slightlyacid with hydrochloric acid, 
wash dry, and mount behind a piece of 
good clean glass, (H. P. H.) 

(c) On dry plates. — All the manipula- 
tions can be carried on in the evening, 
with much greater rapidity, as well as 
economy, than any other method of pro- 
ducing pictures. A perfect lantern slide 
must possess two qualifications, viz., 
absolutely clear glass in the high lights, 
and, when held up to the window with a 



ground glass or other suitable back- 
ground, full and distinct details in the 
shadows. For contact printing (which 
is the method largely practised), the 
following should be provided : — One glass 
pan (4 by 5) for developing ; two glass 
pans (5 by 7) ; as these will hold two 
plates each at n time, they will often be 
found useful when fixing and clearing. 
It frequently happens that the fii*st 
plate is not entirely fixed by the time 
the second is ready to be placed in the' 
hypo.; hence a large tray is quite 
essential. One deep printing frame. 
A student or other kerosene lamp, with 
a porcelain shade, is the best for making 
the exposure, and a developing lantern 
yielding plenty of diffused orange- 
coloured light is essential for the dark 
room. In the dark room the negative 
is now placed in the printing frame, 
and the box of sensitive plates is opened ; 
one is then laid upon the face of the 
selected portion of the negative most 
suitable for a slide. Next hold the 
frame up in front of the orange- 
coloured lantern, to obtain the correct 
adjustment of the slide with reference 
to the picture, and carefully keep the 
plate in position v.-hile laying the frame 
down to put in the pressure board. It 
is now ready for exposure, which should 
be made with the frame fixed at a dis- 
tance of about 12 in. from the lamp. 
Considerable latitude is allowable in 
the duration of the exposure, provided 
the developer is made to correspond to 
it. A long exposure, 15-40 seconds 
(according to the density of the nega- 
tive), with a dilute developer is the most 
suitable, yielding warm browni^ tones 
with fine detail in the shadows. 

After the exposure is made, the plate 
is developed in the dark room, with the 
following solutions, prepared after 
Carbutt's formula : 

No. 1.— Iron. 

Water 4 oz. 

Sulphate of iron . . 480 gr. 

Dissolve, filter and add 
Snlphoric acid •• 5 drops or minims 
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No. 2. — Oxalate. 

Water 8 oz. 

Sulphite of soda 

(crystals) .. .. 120 gr. 
Citric acid . . . . 15 gr. 

Dissolve and add 

Neutral oxalate of potash ,. 2 oz. 
Now test with blue litmus paper; if 
it remains blue, add a few drops at a 
time of a strong aolution of citric acid 
until the paper turns faintly red, then 
add 

Citric acid .. ,. 50 gr. 
Bromide of potassium 10 „ 
And filter. 

No. 3. — Fixing Bath. 
Hyposulphite of soda 1 oz. 
Water 5 oz. 

The developer should be mixed as 
follows : — 

No, 2 (Oxalate potash 

solution) .. .. 4 oz. 
To which add 

No. 1 (Iron solution).. 1 oz. 
And t^en dilute with 

Water .. ., 1 to 3 oz, 

Tho development will be slow, and 
should be continued until the details 
are fully out, and the image distinctly 
seen on the back of the plate. After 
development, the plate is well washed 
in* running water ; and placed in the 
fixing bath ; another thorough washing 
is necessary, then it is immersed for 30 
seconds in the following : — 

Clearing Solution. 

Alum 160 gr. 

Water 5 oz. 

Sulphuric acid . , . . 2 dr. 

Again wash the plate thoroughly, 
and finish by holding it under the tap, 
while passing over the face of it a 
broad camel'hair brush, which will 
remove any adhering particles of sedi- 
ment. The plate is then placed on a 
negative rack, and should be thoroughly 
dry before being mounted. 

Abandoned negatives, with the film 
cleared off by boiling in water, can be 
utilised for the protecting glasses by 
being cut up to the proper size. Care 



should be taken to use glass free from 
spots or bubbles. (J. E. Brush.) 

(d) The advantages of the carbon 
process are twofold: — (1) Absolute 
control over the tone of the trans- 
parency ; (2) purity of the high lights. 
To ensure this latter, however, one pre- 
caution is necessary, namely, that the 
room where the tissue is dried must not 
be warmed by gas or lamps, unless 
means are provided for carrying off the 
products of combustion. If they are 
present in the air, an insoluble skia is 
formed on the tissue, and the high 
lights are consequently degraded. An 
actinometer is necessary as a guide to 
exposure, and in most carbon printing 
works one is usually employed by the 
printers, but not always. 

Woodburytype is especially suitable 
for lantern slides. The relief is simply 
a carbon print ; but the tissue, instead 
of being highly charged with colour, is 
only lightly tinted, the object being to 
obtain as great a thickness as possible 
in the shadows, so as to facilitate the 
printing operations afterwards. Slcill 
is here required — ^not only in the pre- 
paration of the tissue, but in drying the 
developed relief. The advantages of 
this process are that, once a satisfactory 
relief is obtained, any number of print- 
ing moulds can be secured from it by 
pressure in the hydraulic press, from 
each of which numbers of prints can be 
obtained of the exact tone and depth 
desired. It has the further advantage 
of allowing of a considerable amount of 
retouching. For instance : if the nega- 
tive be full of pinholes, these produce 
little raised points on the relief, which 
can be cut down. On the other hand, 
if there be any black spots on the 
negative, these form raised ones on the 
leaden mould, which can also be cut 
down. These advantages are shared by 
stannotype. All spots are touched out 
fully on the negative, and from this a 
positive is made, in which they show as 
white spots. From this positive a 
*! relief" is produced, in which these 
white spots will be raised one^ and 
can, therefore, be cut down before the 
tinfoil is applied. This process has the 
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further advantage that the positive can 
be either direct (of the same size as the 
original negative) or copied in the 
camera of any size*; but it also shares 
with the Woodbury process the draw- 
back of only being economical when 
considerable nnmbers are required. 

Perfect lantern slides are realised 
from gelatine plates, either by direct 
contact printing or in the camera, 
combining not only perfect transpar- 
ence, but every gradation of tone from 
the warmest chocolate to the coldest 
black. 

The days of collodion for outdoor 
work are nearly gone, and for lantern 
slides they are certainly numbered. 
Their cold tone might be passed over, 
or, perhaps, improved; but their fatal 
defect is the difficulty in obtaining due 
transparence in the shadows. Gelatine 
plates for the amateur seem to present 
the greatest number of advantages of 
any process, and there is no reason why 
— for amateur work at any rate — a 
larger camera than 3| in. square 
should be needed. Either from the 
negative an enlarged print direct may 
be made, or from the positive (or 
lantern slide) an enlarged negative 
might be produced of sufficient sharp- 
ness for all practical purposes. With 
the ordinary lantern, the condensers, 
being 4 in. .in diameter, are large 
enough to cover the effective part of 
the 3J in. square picture, while, with 
a very little modification,* enlarged 
negatives quite equal to full-sized 
direct negatives might be produced. 

It is often complained of enlarge- 
ments that they lack crispness, and 
undoubtedly this is frequently the 
fact. But is it due to inherent defects 
in the process or defective manipula- 
tion ? To commence : how many nega- 
tives are themselves sufficiently crisp to 
bear examination with the ordinary 
focussing eyepiece. If they will not 
bear thb amount of amplification it is, 
of course, impossible to produce sharp 
enlargements from them. On the 
other hand, sharp photographs have been 
produced of minute objects, such as 
diatoms, in which the amplification has 



been carried to thousands of diameters. 
A magnification of upwards of 100 
diameters, with a degree of sharpness 
still requiring the aid of a magnifier to 
distinguish details, is within the range 
of the common microscope objective; 
and, having repeated the experiment 
with different objectives and the same 
success, I have no hesitation in saying 
that there is no reason why negatives 
should not be satisfactorily enlarged to 
any extent. (G. Smith.) 

(e) Albumen process. — It may be 
interesting to many to know the old 
system of working, so that they can 
realise the difficulties attendant upon 
it, which gave rise to so much pre- 
judice against the albumen process, 
particularly amongst amateurs. Ac- 
cordingly, before commencing the 
details of the modem method, we shall 
digress for a moment to give a brief 
outline of the old process, so that the 
more recent improvements may the 
better be understood, and therefore 
appreciated. In the earliest methods 
the plate was coated with plain un- 
lodised albumen, an 1 then dried. The 
iodising of the film was afterwards 
effected by exposing it to the vapour of 
iodine, in the same manner as in the 
daguerreotype process, until it became 
decidedly of a yellow tint. It was then 
sensitised by immersion for a short 
time in -a solution of nitrate of silver 
strongly acidified with acetic acid, 
similar to that employed in the calo- 
type process. An improvement on^ this 
plan was effected by adding an iodic^*e to 
the albumen itself, which simplified 
matters considerably, as it did away 
with at least one troublesome and dis- 
agreeable operation. The method of 
working was this : — A certain quantity 
of albumen was taken, and to it was 
added the proper proportion of iodide of 
potassium. The addition of bromide 
was also made by some workers. The 
whole was then whisked into a stiff 
froth. The directions usually given 
for this part of the operations were that 
the albumen should be whisked until 
the vessel containing it could be in- 
verted without the contents running 
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but. After staitdingl some hours for 
the albumen to subside it was ready for 
use. 

The plates 'were coated in the follow- 
ing manner : — ^They were first affixed to 
a plate-holder, which consisted of a 
piece of guttapercha fastened on the 
end of a stick, as pneumatic plate- 
holders had not been invented at that 
period. The guttapercha was made 
sticky by melting it in the flame of a 
spirit lamp, and the plate attached. 
The albumen was now poured on and 
distributed, and afterwards equalised 
by centrifugal force, by giving the 
plates a rapid rotary motion by spin- 
ning the stick between the fingers. 
The plate was then detached, and put 
into the drying-box. This consisted of 
a box containing a number of grooves 
into which shelves of porous wood fitted 
horizontally, the box being mounted on 
levelling screws. Previously to using 
the box the shelves were removed, and 
placed, together with the box, either in 
the sun or in front of a file to tho- 
roughly desiccate thcro, so that the 
wood should be rendered as absorbent 
as possible. The shelves were now re- 
placed in the grooves, and the box 
carefully levelled. It was then ready 
for the reception of the plates, which, 
it will be seen, were dried entirely by 
the moisture from them being absorbed 
by the wood of the shelves and box. 

Now it is clear that if the box were 
not accurately levelled, or if the shelves 
had become warped, the films would be 
of unequal thickness, and the plates, 
consequently, useless. Up to this point 
dust was the greatest enemy, for the 
smallest particle settling on the film 
was almost certain to cause a spot, and 
it will be noticed that up to this time 
the plates were always in a position to 
favour floating particles coming into 
contact with them. The sensitising 
was effejBted in a bath of aceto-nitrate 
of silver in much the same manner as 
at present. But the development was 
materially different from that now prac- 
tised, inasmuch as the picture was 
brought out with a saturated solution 
of gallic acidf with a few drops of aceto* 



nitrate of silver added, instead of, as 
now, with pyro-gallic acid. The time 
occupied in the development of a picture 
by gallic acid was rarely much less than 
i hour, and it frequently took as much 
as 2 hours if it were at all under-ex- 
posed. But, by the method about to be 
described, it does not take much longer 
to develop and fix an albumen than it 
does a gelatine plate. 

Having thus given a short outline ot 
the old-fashioned albumen process, we 
shall proceed with the details of the 
present system of working. In the first 
place, we commence with the prepara- 
tion of the albumen itself — say 10 oz. 
This will require 12-15 eggs, according 
to their size. These, if available, should 
by preference be "new laid," though 
good French eggs will answer nearly, 
if not quite, as well. The eggs must 
be broken, and the whites carefully 
poured awa; from the yolks, keeping 
the latter in the shells. The germs 
should then be separated. To 10 oz. of 
the albumen, ^ dr. glacial acetic acid in 
^ oz. water is added, and the whole 
intimately mixed by stirring with a 
glass rod. No attempt should be made 
to cause it to froth, which if done would 
give rise to trouble ; } minute's stirring 
is all that is necessary. The acid will 
produce a precipitate, and render the 
albumen exceedingly limp. After 
standing a few hours, it is passed first 
through a piece of muslin to remove 
the coagulum, and afterwards filtered 
through a piece of sponge plugged in 
the neck of a funnel. After filtration, 
40 minims of ammonia, * 880, is added, 
which causes the albumen to regain 
much of the viscosity the acid had 
destroyed. Albumen thus prepared 
will keep quite good for many months, 
if preserved in well-corked bottles. 

For use, the albumen is iodised by 
adding 1 dr. iodide of ammonia dissolved 
in i oz. water ; sometimes 10-12 gr. 
bromide are also added. The albumen 
being .ready, we proceed to coat the 
plates. For this purpose some old 
iodised collodion is required. Any 
commercial sample that has been 
iodised for a length of time will answery 
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provided it yield an even and structure- 
less film. If it be very old, it will 
possibly give a thin and tender film, in 
which case a little fresh pyrozyline 
must be added to give it body. 

The glass plates being thoroughly 
cleaned and ready to hand, one is taken 
and coated with the collodion. After 
this has been allowed to set, the plate is 
immersed in a dish of common water, 
where it is allowed to remain, with 
occasional agitation, until all greasiness 
has disappeared. It is then rinsed under 
the tap and placed standing on a pad of 
blottinir^paper to drain, while another 
plate is being coUodionised. Now take 
the drained plate and pour over it, 
beginning at one end, a little of the 
iodised albumen. Flow it over in a 
wave, so as to carry the superfluous 
water before it, which, with the albu- 
men, should be allowed to run oflf into 
the sink. Drain the plate somewhat 
closely, and apply a second lot of albu- 
men, avoiding air-bubbles, and keep it 
in motion on the plate for i a minute or 
so in order that the albumen may pene- 
trate into the collodion film. Then pour 
off into a measure, and stand the plates 
in a rack to drain. The second lot of 
albumen from one plate will do for the 
first application to the next, and so on. 
By this means the albumen will be 
economised. 

After a dozen plates have been coated, 
take the first one and hold it in front 
of a clear fire until it is dry, and so, in 
turn, with the remainder. When the 
plates are dry, it is a good plan to make 
them as hot as the hand can bear, for 
this treatment will prevent the films 
from blistering in the after operations, 
which otherwise they may have a 
tendency to do with some samples of 
collodion. Instead of drying the plates 
by the fire, some prefer to allow them 
to dry spontaneously ; but, in this case, 
it will be found a good plan to make 
them thoroughly hot, for the reason 
just mentioned. Plates thus prepared 
will keep for years if preserved in a dry 
place. It need scarcely be mentioned 
that all these operations may be per- 
,formed in open daylight. 



The formula for the sensitising bath 
stands thus : — 

Nitrate of silver . . 2 oz. 

Distilled water ... 1 pt. 

Iodide of potassium . . 5 gr. 
Glacial acetic acid 

(52°) 2Joz. 

The method of mixing is as follows f 
— First, the iodide is dissolved in the 
water, then the nitrate of silver is 
added, and the whole is well stirred 
with a glass rod until the silver is dis- 
solved. The solution is then filtered, 
and, finally, the acetic acid is added, 
when the bath is ready for use. The 
object of adding the iodide is to 
saturate the bath with iodide of silver, 
in order to prevent any of that salt 
being dissolved out of the film after it 
is once formed, which otherwise might 
happen. Sufficient of the solution t) 
cover the plate to be sensitised is poured 
into an ordinary dipping bath. The 
plates are then immersed (with the 
precautions usual in the wet-collodion 
process) for a period of )-l minute 
only. In summer, when the solution 
is warm, 30 seconds will be ample, and 
in winter the longer time may be 
allowed ; but it should never be ex- 
ceeded, as the sensitising takes place 
very rapidly, and a longer time than is 
necessary is liable to affect the plate 
injuriously. 

By continual use, the bath will 
become discoloured, as does that em- 
ployed for sensitising albumenised 
paper. It may, however, be de- 
colourised by simply shaking it up with 
a little kaolin. If the bath be much 
used — or if it be allowed to stand in 
an open vessel when out of use — the 
addition of a small quantity of acetic 
acid from time to time will be neces- 
sary. Some operators prefer to employ 
a new solution for each batch of plates. 
In this case, the plates are usually 
sensitised in a flat dish, when, of 
course, a much smaller quantity of 
solution will suffice. When the plates 
are taken from the bath, they are 
placed in a dish of distilled water to 
remove the major portion of the free 
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nitrate, after which they are thoroughly 
washed under the tap to eliminate the 
remainder. They are then reared up 
on a pad of blotting paper to drain, 
and are afterwards dried. 

The drying may be accomplished in 
any* of the boxes used for gelatine 
plates, and, as the film* is very thin, it 
does not retain much moisture ; there- 
fore the plates dry very much quicker 
than do gelatine. As many who do 
not possess properly-constructed drying 
boxes, or cupboards, may like to try 
the albumen process, it may be men- 
tioned that one, suitable for the pur- 
pose, may be extemporised by taking 
an ordinary box, or packing case, and 
placing it in front of the fire for an 
hour or so to thoroughly desiccate the 
wood. In this case the plates arc 
placed on some dry blotting-paper, and 
in a few hours the plates will be per- 
fectly dry, the moisture from them 
haying been absorbed by the desiccated 
wood. We have ere now used a 
common hatbox when anything more 
suitable was not at hand. It may be 
as well to mention here, for the infor- 
mation of those who have never pre- 
pared albumen plates, that it must not 
be expected that the films will be dense 
and creamy like those of gelatine, or 
even of wet collodion, as they are 
always very thin and transparent. 

Printing the transparencies may be 
effected either in the camera or by 
superposition, the latter being the 
method usually followed ; but if the 
negatives be a different size to that of 
the required slide, the camera must be 
used, and with it a lens capable of 
giving good definition with a large 
aperture. For, compared with wet 
collodion, the albumen process is slow, 
and in comparison with gelatine very 
slow indeed, although it is not so slow 
as the gelatine chloride process. With 
the camera the exposure will necessarily 
be somewhat long, and, as a rule, when 
prolonged exposures have to be given, 
the colour of the image is rarely very 
satisfactory. 

In printing by superposition, either 
diffused daylight or aitificial light — 



such as a gas flame or a paraffin lamp 
— may be employed. With regard to 
the time of exposure little can be said, 
as all will be dependent upon the 
source of light employed, the distance 
the plate is placed from it, as well as 
upon the density of the negative itself. 
Therefore, the experimentalist must 
determine this matter for himself. This 
he can easily do by exposing a plate or 
two under a negative of average in- 
tensity, giving different times for 
different portions of it, and then de- 
veloping. One or two ptates exposed 
in this way will enable a very correct 
judgment to be formed as to the expo- 
sure required in future for every class 
of negative. When once this is arrived 
at it remains constant, because, unlike 
the gelatine, each batch of albumen 
plates prepared may be relied upon as 
being of equal sensibility. 

We now come to the development of 
the image. This at one period was 
treated, and preserved, as a great secret. 
The developing solution, after all, is 
very similar to that used in the wet- 
collodion process before the iron de- 
veloper was introduced, except that it 
contains a little citric acid, and that it 
is employed warm. A good developer 
is as follows : — 



Pyrogallic acid 


25 gr. 


Glacial acetic acid . . 


i oz. 


Citric acid .... 


10 gr. 


VY aier . . . • . ■ * 


10 oz. 



This solution had better be made and 
kept in a Florence flask, so that it can 
be heated and kept warm over a spirit 
lamp when required for use. 

The exposed plate is first placed in a 
dish of distilled water, heated to about 
150° F. until it has acquired that tem- 
perature. It is then removed, sHghtly 
drained, and flooded with the developing 
solution, which has previously been 
heated to about ISO-— 140° F. Imme- 
diately before the solution is applied, it 
must have about 4 drops per oz. of a 
5 gr. solution of nitrate of silver added. 
If properly exposed, the image will 
quickly appear, and by the way it 
comes out it may be judged if the 
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exposure has been rightly timed or not, 
similarly as in the development of 
plates by any other process. As the 
films are so very thin and transparent, 
the density of the image can easily 
be judged of by transmitted light. It 
is always best to err on the side of 
under than over-density, because, in the 
latter case, the slides will always 
appear dense and heavy on the screen ; 
whereas if they be slightly thin it may, to 
some extent, be remedied in the toning. 
As a guide in the development, it may 
be borne in mind that the more fully 
the plates are exposed and the more 
rapidly they are developed, as also the 
less silver employed in the developer, 
the warmer will be the colour of the 
image; while the slower the develop- 
ment, either from the solution being 
cold or the plate under-exposed, or if 
too much silver be used, the more the 
picture will approach an olive-brown 
tone. 

As the development proceeds the 
plate must be carefully watched for 
stains or fog. If any appear^ the plate 
must at once be washed under the tap, 
and the surface rubbed with a pledget 
of cotton wool, which will remove 
them. The development can then be 
recommenced with a fresh batch of 
solution and silver, repeating the treat- 
ment with the cotton wool if found 
necessary. When the development is 
complete, the plate must be thoroughly 
washed under the tap -to remove all 
traces of the pyrogallic acid, which, if 
allowed to remain, would tend to injure 
the toning bath. 

The plate is now ready for fixing and 
toning. This is usually done in one 
bath, which is made as follows : — i lb. 
hyposulphite of soda is dissolved in 
^ pint water ; then 3 gr. of chloride of 
gold, dissolved in 2 oz. water, is added 
very gradually, and with vigorous stir- 
ring. After standing 1 2 hours and being 
filtered it is ready for use. It is then 
placed in a flat dish' and the plate is 
immersed. The iodide is quiclcly dis- 
solved out, but the toning proceeds 
slowly — J-} hour or more being fre- 
quently required to obtain deep, rich 



tones. But much depends upon the 
colour and density of the image at 
starting. When the desired tone is 
obtained, the plate is well washed under 
the tap, and afterwards soaked in plenty 
of water, and again rinsed to ensure the 
entire removal of all traces of the hypo. 
Indeed, ns much care should be be- 
stowed on this part of the operation as 
in the case of gelatine negatives, in 
order to ensure permanency. 

Alkaline gold toning (after fixing in 
plain hyposulphite and thoroughly 
washing) may be employed instead of 
the double fixing and toning bath : but 
the colour obtained has not been so 
satisfactory as by the method just 
described, which is that used by Ferrier 
and Soulier. {Brit, JL Photog,) 

(/). By contact printing. This is 
capable of producing slides equal in 
quality to any other mode of prepara- 
tion that an amateur, or one who does 
not make a specialty of such work, 
can produce, and is at the same time so 
simple that any ordinary amateur can 
obtain satisfactory results. 

In the first place, no dark room is 
required, as the emulsion can be pre- 
pared by gaslight, and no more care is 
required than in the preparation and 
printing of albumenised paper. No 
washing of the emulsion is necessary ; 
indeed, as far ns the brilliancy of the 
slide is concerned, it is a disadvantage. 
One can see how the printing of the 
slide is going on as well as if it were 
an ordinary albumenised paper print; 
and the latter is the greatest gain of 
all, because we do away with the un- 
certainties of the blind processes, i. e., 
any process in which light forms an 
invisible image requiring development. 

To A. L. Henderson is due the credit 
of proposing the addition of ^ acetate to 
j^ each of the citrate and chloride salts. 
From some experiments he exhibited, I 
at once thought he had found a process 
suitable for the production of lantern 
slides. After a few experiments, I 
decided to do away with the citrate 
because of the cold tones it gave, and 
because I could not obtain the same 
brilliancy and range of tones as when 
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I used acetate and chloride of silver 
only. 

So far, I have obtained the most 
satisfactory results by producing a fine 
sepia tone with the following formula. 
There is hardly anything, perhaps, in 
which the taste of different persons 
varies so much as in the tone of a 
lantern slide For myself, I much 
prefer a warm sepia tone to the cold 
black or purple tones. But almost any 
color can be got from red through the 
brown shades to purple. The sodium 
•chloride converts about 11} of the 28 gr. 
of silver nitrate into silver chloride. 
By using a larger proportion of chloride 
there is far less brilliancy, and I did 
not want to use a larger amount of 
acetate than possible on account of it 
being a more unstable salt, and a large 
proportion might affect the keeping 
qualities. 

I have not yet experimented in the 
direction of having an excess of silver 
nitrate in the film. It is quite possible 
tbat we might increase the speed of 
printing by so doing, and by adding a 
little citric acid make the plates keep 
well, the same as with albumenised 
paper. But we must>^ remember that 
we have a quantity of nitrate of soda 
in the films, which probably acts the 
same as the free silver, because it was 
formerly used with silver nitrate to 
sensitise albumenised paper. 

To prepare the emulsion, put in a 
small jam pot : 

Gelatine 40 gr. 

Acetate of soda .. 8 „ 
Water 2 oz. 

The gelatine is allowed to swell, and 
is then dissolved by standing the jam- 
pot in hot water. 

In a test-tube or small bottle is 
dissolved : 



Silver nitrate . 
Distilled water 



28 gr. 
1 oz. 



This is stood in the same hot water, 
so as to be about the same temperature. 

When the gelatine is thoroughly dis- 
solved, the nitrate of silver solution is 
poured into the jftm-pot in a gentle 



stream, quickly stirring with a glass 
rod all the time. 

Into another test tube put : 

Chloride of sodium ... 4 gr. 
Acetate of sodium . . 6 „ 
Water 1 oz. 

When dissolved, this is added to the 
above, the stirring being continued. 

Meanwhile 2-3 oz. waterris poured on 
to 160 gr. gelatine. In about \ hour 
the surplus water is poured off, and the 
gelatine is added to the emulsion ; the 
contents of the jam-pot nre to be kept at 
about 100° F. until the whole of the 
gelatine is dissolved. It is then put 
aside in the dark for 24 hours to set. 

The details of filtering, coating the 
plates, printing, and toning, I will go 
iato soon, and will now only refer to 
one or two points about the preparation 
of the emulsion. I generally use a 
Swiss gelatine, but Henrick's or any 
good gelatine will do as well ; indeed, 
this process does capitally for using up 
samples of gelatine which are not quite 
up to the mark for dry-plate work. As 
to the light, I prepare the emulsion and 
coat the plates by the light of a small 
paraffin lamp in perfect safety. 

I will now describe the mode of pre- 
paring the plates, printing, &c. The 
jam-pot containing the emulsion is stood 
in hot water until the latter has tho- 
roughly dissolved; } oz. alcohol and 
sufficient water is added to make the 
quantity up to 6 oz. 

It is then filtered. For filtering, use 
a small paraffin lamp glass with the 
bottom edge turned up (they can be 
bought at an oil shop for about 2d. 
each). A piece of washleather or 4 or 
5 thicknesses of fine muslin is tied on 
the bottom of the lamp glass. The 
dissolved emulsion is poured in, and by 
blowing in at the top of the glass the 
emulsion runs rapidly through, and is 
then ready fur coating the plates. 

To clean the plates, scrub them with 
a nail-brush and water in which a little 
washing soda has been dissolved; they 
are then well rinsed in cold water, and 
stood up to dry in the racks. After 
they ftre drjr, thejr ftr§ jnat dusted with 
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a piece of clean washleather and stacked 
in a heap. 

For coating such small plate?, the 
best way is with a small silver tea- 
spoon. A spoonful of the emulsion is 
poured on the centre of the plate, nnd 
can be guided to the edges with the 
spoon if necessary. 

For amateurs or those not accustomed 
to plate coating, this is an important 
point, besides a measured quantity being 
put on each plate. When the emulsion 
is poured from a small teapot or similar 
article, it has to be put down and a 
glass rod taken up. While looking after 
these things the emulsion is meanwhile 
cooling, and perhaps running off the 
edges of the plate, but with the spoon 
the eyes need not be taken from the 
pool of emulsion on the plate. 

For levelling the plates after coating 
do not use a large glass or slate slab, 
but have some strips of plate glass about 
2 ft. long and 2j^ in. wide ; these are 
stood in rows on a level table or board. 
Suitable strips of glass can be got very 
cheap at a glass-cutter's, because any 
odd sizes from his scrap heap will do. 
When a large flat slab is used, if any 
emulsion gets on the back of the plates, 
they stick to the slab, and in the dull 
light of the dark room, when coating 
rapid bromide plates, this sticking is a 
great nuisance. With the strips of glass, 
the plates can be laid down on them 
without the emulsion running off the 
plates, and can be easily detached from 
them even if stuck with some emulsion 
on the backs. 

The plates are put away to dry in the 
usual way. I never find it necessary to 
use heat when drying plates on a small 
scale. My drying-box is in a room at 
the top of the house; the fireplace of 
which is closed up. The outlet of the 
drying-box goes into the chimney, and 
gets a capital draught, keeping the 
window in the room closed when drying 
plates. 

For these plates any one can easily 
make a temporary drying-box by stand- 
ing the racks on a shelf in the fire- 
grate, and covering a thick cloth over 
the front of the fireplace in the same 



way as a sweep does when sleeping a 
chimney. Then place 2 or 3 little 
pieces of wood on the floor to form 
little inlets between them for the air to 
pass between the floor and the cloth; a 
piece of flne muslin thrown over the 
racks would keep any dust, &c., from 
the plates. 

To print, the plates are put in a 
printing-frame against the negative, 
the same as a piece of albumenised 
paper. One can judge how deep to 
print by opening one-half of the print- 
ing ft'ame back, and by looking down on 
the back of the transparency ; when 
the whole of the high lights of the 
picture are just tinted, it will be 
printed deep enough. 

Fuming the plates with ammonia is a 
great improvement in every way. Do 
this by standing a few of the plates 
against the sides of a small box. Then 
pour a few drops of ammonia ona piece of 
blotting paper, put it in the bottom of 
the box, which is closed for a short 
time, and the plates are then ready for 
printing. 

The great difHculty with these 
plates, until recently, has been with the 
toning. The action was not only slow, 
but I could not get the warm brown or 
sepia tones I was trying for. I tried a 
number of different toning formulas, 
but all had the same action, though 
some bleached more than others. At 
last it struck me that I had a slight 
excess of acetate of soda in the fllm, so 
I tried the gold alone, and then got the 
tones I wanted, and far more quickly. 
The formula was : — 

Chloride of gold .. 15 gr. 
Water (distilled) .. 15 dr. 
as the stock solution. 

In a clean developing dish I took of 
the 

Chloride of gold 

solution . . . . 8 minims. 

Water .. .. 1 oz. 

Common whiting 2 — 3 gr. 

The plate was put into this toning- 
bath, without washing, until the image 
had quite lost its red colour, and was 
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then well washed and put into a bath 
of 

Hyposulpfaate of soda 1 oz. 

Water 5 oz. 

for about 15 mhrates, and again well 
washed. 

Lately I found I could tone the plates 
in about ^ the time taken by the above 
bath, by adding acids to the gold before 
neutralising with the whiting. The 
bath was made as follows : 

Gold solution .. 8 minims. 

Hydrochloric acid 2 ,, 

Nitric acid . . . . 1 „ 

Water 1 oz. 

Whiting .. .. 2— 3gr. 

This bath toned the plate very 
rapidly and equally, but requires the 
plate to be rather more deeply printed 
than when the acids are not used. I 
hare not had time to try any compara- 
tive test with prints from the same 
negative, as to which bath gives the 
best tones and results, and can only 
speak now as t« the rapidity. It is 
better not to print in direct sunlight if 
the sun is at all warm, as the warmth 
sometimes causes the films to stick 
slightly. 

There are two uses for these plates, 
besides lantern slides and transparencies. 
By printing less deeply and backing 
with tinted or drawing paper (film to 
the paper), they do capitally for pro- 
ducing photo-crayons. But for pro- 
fessional photographers, their great use 
will be in the reproduction of negatives, 
as one can not only see how deep to 
print with both the transparency and 
the second negative, but parts can be 
shaded during printing to get details in 
other parts which may be too dense in 
the original negative. 

It will be also seen, however, that 
any amount of *' dodging " can be done. 
The transparency can be retouched as 
required, any shadows which print too 
heavy can be reduced in the same way 
as too dense negatives are locally re- 
duced. Then we can do any amount of 
double printing, printing in clouds, etc., 
on the transparency. The name of the 
view cao be painted. on it without 



having to reverse the letters. We can 
vignette or mask when printing from 
either the original negative or the 
transparency. In fact, we can build 
up, so to speak, the picture on the 
transparency as we require it, because 
we can see what we are doing. And 
when it is perfect, we have only to 
print by contact a second or any 
number of negatives from it, which 
negatives can be printed from on to 
jvnuer without any trouble of vignetting, 
etc., for each separate print. And to 
my mind, Henderson's discovery of the 
use of acetate of silver with the chloride 
in the gelatine film for contact printing 
will lead to very important results, in 
the aid it will be, practically, to photo- 
graphers in their every-day work. 
(H. S. Starnes.) 

Colouring, — (a) Use transparent 
colours, namely, Prussian blue, gam- 
boge, carmine, verdigris, madder brown, 
indigo, crimson lake, and ivory black, 
with the semi-transparent colours, raw 
and burnt sienna, and vandyke and 
cappal brown, thinning oil colours 
with ordinary megilp to a degree just 
sufficient for proper working, and using 
for a medium for laying on the first 
coat of water colours gelatine thoroughly 
dissolved and hot. When perfectly dry 
this coat can be shaded and finished 
with water colours mixed in the ordi- 
nary way with cold water ; but the 
manipulation of the added colours must 
be gentle, so as not to disturb the layer 
first put on the glass. A thin coat of the 
best mastic varnish heightens the effect 
of shades painted in water coloui*s, but 
oil colours require no varnish. 

(&) Having failed in getting results 
to please myself by dabbing, stroking, 
and many other dodges, I have now 
succeeded in getting perfect gradation 
of tone by pouring on a filtered solution 
of colour, previously ground up with 
" medium," in an agate mortar. Pour 
it on very dark at the top of t^e picture 
and flow it down to the horizon, then 
back again slowly, and allow it to drain 
off at the edge ; when the proper depth 
is attained, blot off the drainings from 
the edge ; when dry, the outline of the 
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horizon is easily obtained sharp by 
tubbing off the paint which has run 
over the border with a fine paper stump. 
Should any dust settle in spite of all 
precaution, make your clouds at the 
faulty part, thus getting rid of specks. 
(G. Smith.) 

My troubles began in slide painting 
in making a sufficiently fine outline ; 
and this is how I overcame this diffi- 
culty, and hit upon a plan at once as 
good, if not better, than that given by 
Dal linger of drawing on ground glass 
with a pencil : — ^I first hunted up an 
old round table ; this I painted a dead 
black colour, smoothing it off with 
sandpaper and filling up all cracks ; 
then another coat of black, with plenty 
of turps in and a hw pinches of 
vermilion to take off any tendency to 
blue in the paint. When thoroughly 
hardened, you have a circular black- 
board, upon which you may sketch 
your intended outline. With a white 
chalk crayon, work as many fine out- 
lines as you think proper. I then from 
this took a negative with an instanto- 
graph, using the 3J in. by 3J in. pre- 
pared " lantern dry plates " of Lan- 
caster, giving about 5 seconds in dull 
weather, and developed until the black 
table began to show the merest trace of 
darkening : then I worked off and fixed 
and dried. I then had a most beautiful 
outline of the subject I wished, and 
done in | the time it would have taken 
me to draw on the glass direct, and far 
better, and shows beautifully on the 
screen. Any amount of detail can be 
quickly done on the round black board, 
with the positive assurance that it 
will show well when magni6ed. (H. 
Green.) 

Having prepared two pieces of wood 
— one of them having a long, tapering 
point, that of the other being more 
obtuse and of dimensions suitable for 
being easily held by the fingers— wrap 
tightly round them a small piece of 
thin washleather. They will then pre- 
sent an appearance suggestive of crayon 
stumps. I would recommend the be- 
ginner in this art to procure a number 
of ^ood engravings pf landscape sp^nery 



having a nearly uniform sky with a few 
light clouds ; because, if he study these, 
he cannot fail to acquire a good idea as 
to the forms of and effects produced by 
such clouds. It will be well for him 
to 4)ractise with a pencil and a sheet of 
paper those forms best adapted for the 
special picture on which he is engaged. 
Having thus previously determined 
upon the nature of the clouds — confin- 
ing himself at first to those white, 
fleecy ones which are so frequently seen 
floating across a clear blue summer sky 
— let him apply the larger of the 
stumps, and, with a motion conforming 
to the curling outlines of the cloud, 
remove the sky-paint. There is room 
here for great artistic display ; indeed, 
it is nearly the only stage in the whole 
course of painting a photographic 
transparency in which artistic taste 
can be shown. I have seen a trans- 
parency-artist point a common match 
with a penknife, wrap round it a bit of 
thin washleather, and in less than a 
minute pick out clouds in a picture 
which no amount of protracted labour 
could have improved upon. I called it 
" genius " : he said there was no genius 
in it, other than that which was the 
result of study and practice. In many 
cases the mere suggestion of a cloud 
proves effective. Let the upper edge be 
clenn and sharply cut, and avoid the 
bad taste of bringing the cloud up near 
to the projecting tree or spire and then 
breaking it off suddenly. Carry it 
boldly aci*oss the projection, which 
quite ignore. The advantage of doing 
so will be found when at an after-stage 
the colour is removed from the spire, 
by which the sky is thrown back, the 
other being brought near. It is so easy 
to clean off the sky with the stump 
that the tyro is often tempted to overdo 
his clouds ; hence he must be cautioned 
against this. I have spoken of pure 
white fleecy clouds ; at a more advanced 
stage he must try to back up the silver 
edges of his clouds with a more 
materialistic colour. For this purpose 
a little Payne's grey, warmed with rose 
madder very sparingly applied, will 
Produce a good effect. It is not ^^sy to 
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impart a knowledge of cloud-making 
altogether hj precept, so I would 
recommend the pupil to purchase -a few 
well-painted slides, and observe the 
special means employed to obtain such 
effects as are produced. The sky being 
completed, remove by means of the fine 
stump all paint from the distant hills, 
trees, spire, and indeed from every 
portion of the picture except the sky. 
if there are distant mountains, colour 
them with crimson and raw sienna, or 
crimson and blue, according to their 
nature, keeping carefully to their' out- 
lines. Observe that no dabbing need be 
had recourse to when painting the rest 
of the picture, unless it be a subject in 
which there is a smooth, unbroken 
portion, such as a lake or the sea. As 
this is supposed to give a reflection of 
the sky, it must be painted in a similar 
manner. Observe, also, that every 
portion of the picture must be painted 
stronger and in brighter colours than 
would be the case were it a small 
picture which was to remain and be 
viewed as such, because by magnifying 
a 3 in. picture up to 12 ft. the colours 
become attenuated by the act of enlarge- 
ment; therefore, the colours may be 
strongly applied, in the certainty of 
their being toned down when projected 
on the screen. To return to thfe 
mountains ; while the distance is warm 
and of a ruddy purple, keep the shadows 
cold, especially in the nearer ones. 
When painting the mountains avoid 
using the brush in such a way as to 
cause a ridge of paint to form an out- 
line, but as far as possible work the 
brush from the margin inwards. By 
doing so the sky is left undisturbed. 
This also applies to trees. For these a 
green is employed composed of gamboge 
and Prussian blue. This will answer 
for the greater number of subjects in 
which there is foliage ; but th% addition 
of crimson lake will be necessary to 
obtain such warmth as that associated 
with autumnal tints. There are some 
specimens of foliage which may be 
fittingly coloured by lake and gamboge 
nlone; but a judicious mixture of the 
cplpurs mtentioned will uerve everjr 



purpose. It is not as if the painting 
were being made on clean or trans- 
parent glass. Here the foliage is com- 
posed of shades more or less dark, and, 
what is of importance also, of a tone 
that may range anywhere between a 
warm ruddy brown and a cold black, 
according to the method adopted by the 
photographer in toning. And this 
renders it impossible to say definitely 
what pigments ought to be employed in 
painting them. If the foliage be sombre , 
and heavy, the gamboge should then 
predominate. This applies also to a 
grass lawn or meadow. All that will 
be required for the trunk of a tree will 
be to warm it up with burnt sienna, 
well thinned. (J. J. Houston.) 

(of) When preparing photographic 
transparencies for colouring, do not 
treat them in precisely the same way 
as if intended to be used without colour. 
If you examine a fine slide, by any well- 
known maker, embracing rural sceneiy 
with much foliage, it will be found 
that whereas in nature the foliage was 
green, of a more or less bright hue, in 
the photograph it is many shades 
darker than it should be, owing to the 
number and density of the atoms of 
the silver composing the foliage, this 
being the case to such an extent as to 
prevent the green pigment from show- 
ing at all. 

This is quite a different matter from 
painting a photograph on paper or 
porcelain, for, in these the blackest 
shadows or heaviest foliage can be 
lighted up at pleasure by the use of 
opaque or body colours, or by mixing 
a little flake white with the transparent 
pigments which alone are applicable to 
transparency painting. But if, in a 
transparency, recourse were had to this 
procedure, it would make things worse 
than before, for the luminous equivalent 
of flake white when applied to paper is, 
in a transparency, the thinning of the 
deposited silver so as to allow more 
light to be transmitted, the touch of 
pure white light given to form the 
highest light in the one finding in the 
other its equivalent in the complete 
removal of the iip^ge by the wpedlfr 
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point or penknife, so as to leave nothing 
but bare glass. 

To one who has had some experience 
both in making and colouring trans- 
parencies, it is not difficult to obtain 
the best class of photograph for receiv- 
ing colours with effect, although it may 
prove difficult to describe the character- 
istic features of such photographs. 
Perhaps the best idea will be conveyed 
by saying that it ought to be *' out- 
lines,*' and even its outlines should not 
be too dense. A very brief exposure 
and rather long development afford the 
keynote to the nature of the manipu- 
lations requisite to secure the best 
effect. 

Plates prepared by the old-fashioned 
tannin process, and developed by acid 
pyro and silver, give an effect peculiarly 
well adapted for receiving colour in 
the highest style of the art; but the 
exposure must be short and the de- 
velopment forced. When the picture 
is laid face down on a sheet of white 
paper, the appearance presented should 
be that of a properly printed proof 
upon paper, while the intensity, when 
raised up and looked through, must 
show a sufficiency of vigour. 

Having obtained a suitable trans- 
parency, it must next be varnished. 
Some years ago I adopted the use of a 
varnish composed of sandarac dissolved 
in methylated spirit. It gave a clear, 
bright film, and both oil and water 
colours took to it nicely ; but I some- 
times had occasion — as every painter of 
lantern slides will have to do more or 
less frequently — to pick out bits, and 
put in, or rather take out, touches of 
high light by means of the needle-point. 
I found, however, to my extreme dis- 
satisfaction, that the collodion film 
would chip and break off round the 
spot upon which I operated, and that if 
I drew fine lines by my scratch-point 
they became jagged and broken. Being 
recommended to try white hard spirit 
varnish diluted with alcohol, I did so 
with a result even worse than before. 
Having read of the virtues of castor oil 
when added to a plain sandarac varnish, 
I tried it with excellent effect. 



I have also employed, with the 
greatest degree of success, a solution of 
albumen composed of the white of an 
egg beaten up with twice its volume of 
water together with 10 drops of am- 
monia. After the frothy mass- has 
settled, the clear liquid is poured off. 
To use it the transparency is flooded 
with the liquid, which is then drained 
off at one corner and the picture im- 
mediately immersed in a tray of hot 
water, the temperature of which is but 
little under the boiling point. This 
coagulates the albumen, leaving it not 
only of a glassy degree of brightness, 
but modified in such a manner as to 
render it unaffected by either water or 
oil paints, while it is susceptible of the 
most delicate touches of another class 
of pigment, which I shall describe 
before concluding. 

The question now arises : What class 
of colour is best for transparency print- 
ing — oil, water, or varnish? This 
cannot easily be answered ; each has 
its own advocates. They are all good 
in their way, and there are some trans- 
parency artists who employ them all 
even in one picture. As oil pigments 
appear to enjoy the greatest amount of 
popularity, I will speak of them first. 
Although nearly every dealer in lantern 
appliances keeps boxes of colours for 
sale, it will be advantageous, especially 
for the beginner, to purchase from 
artists* colourmen, under their definite 
names, the various colours required. 
They are conveniently put up in tubes 
and are sold at a very low price — 4d. 
and upward. It must also be noted 
that only veiy few pigments can be 
employed, owing to the paucity of such 
as are quite transparent ; hence the 
expenditure for an outfit is very small. 
For blue, Prussian blue forms the 
most useful among all the blue pig- 
ments, and one can get along very well 
indeed without any other, although 
there are some subjects in which 
Payne*s grey comes in handy. There 
are other transparent blues, such as 
Chinese blue and cyanine blue ; but the 
Prussian is susceptible of such, easy 
modification by the admixture of others 
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that no other is really required. The 
best yellows are gamboge, Italian pink, 
and yellow lake. There is but little 
difijsrence between the two last, al- 
though the former of them is probably 
the more advantageous. The gamboge 
is useful for foliage, and with a small 
proportion of Prussian blue forms a 
good green. Both raw and burnt sienna 
must be procured. The former is useful 
in the representation of light, dry, 
sandy earth, dry ronds, and light- 
coloured houses ; the latter is a very 
transparent brown of an orange tint. 
Both Vandyke broum and burnt umber are 
useful, but much less so in a photo- 
graphic transparency than in other 
classes of work, because any subjects 
which were of these tones in nature 
will be represented so very darkly in 
the photograph as to require scarcely 
any colouring at all. Crimson lake and 
pink madder complete the list. The 
latter by itself dries very slowly, but 
by the admixture of megilp or mastic 
varnish its drying is quickened. This 
applies also to the Italian pink. A 
tube of lampblack, by which to render 
any portion more or less opaque ; a tube 
of megilp, for use as a vehicle ; and a 
bottle of mastic varnish and pale 
drying-oil, together with a few sable 
brushes, a palette, palette-knife, and 
large camel-hair brush complete the 
outfit. 

The most important piece of work in 
the painting of a lantern landscape 
being the sky, I close this article by 
describing how it is done, premising that 
I do all my painting upon a retouching 
desk, which I find to answer this 
purpose rather better than the easels 
specially prepared for transparency 
painting. Let us imagine that the 
subject is a landscape, having about 
^ sky^ into which a tree, and a spire 
project upward. Mix on this palette a 
little burnt sienna and pink madder, 
and having charged a brush with this, 
draw it in streaks across the sky a 
little above the horizon, and then 
laying down the brush dab i^ ^^^ over 
with the point of the first or second 
finger until it presents a uniform 



appearance. Never mmd the fact that 
the paint has been carried over the 
tree and the spire ; it must be removed 
from them by a pointed piece of soft 
wood as the last operation of all. « Next 
apply to the upper portion of the sky 
some Prussian blue, and in so doing 
remember that there is no use whatever 
in hoping or attempting to make it 
quite uniform by means of the brush 
alone. The 6nger is the all-potent 
instrument by which uniformity is 
secured, and ** dabbing " with it must 
be had recourse to. liear in mind that 
the sky is of a deeper hue at the zenith 
than near the horizon ; therefore let 
the dabbing be performed in such a 
manner as to retain more of the paint 
at the top, than lower down, the 
quantity being so attenuated by the 
time it descends to the warm layer 
already applied ns to merge into it 
quite imperceptibly. The laying on of 
a uniform coat seems very easy to the 
onlooker ; but it is only by dint of 
several trials careful I v made that 
success is attained. As the beginner 
will probably spoil several skies before 
he succeeds to his own satisfiiction, a 
soft piece of calico dipped in spirit of 
turpentine will be a useful aid to him 
during his novitiate. 

To complete the blending of the 
colours, and to obliterate the slight 
textural markings arising from the 
roughness of the 6nger tip, is the 
function of the large camel-hair brush 
already mentioned. It must be whisked 
very lightly over the surface ; and, if 
cleverly done, all surface asperities will 
disappear, and the colouring look as if 
the glass were stained. Until the sky 
presents such an appearance the forma- 
tion of clouds must not be thought 
of. 

(<?) The glass fur the slides must be 
very carefully selected ; it should be 
plate glass cut to the size of the object 
glass in the magic lantern in which it is 
used. It must be entirely free from air 
bubbles, and streaks of any sort ; even 
the best plate glass has a rough and a 
smooth side, which can be found out by 
passing the hand over its surface, and 
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BO detecting any tinevenness. As any 
irregularities will interfere with the 
smoothness of the colour to be laid on, 
the smooth side of the glass must be 
carefully marked and used in all the 
plates. 

A flat palette is a necessity for oil 
colours ; but for water colours, a 
palette with a rim to keep in the tints 
is the best. A palette knife is required 
for mixing together oils, colours, or 
varuiahes, but is not wanted for water 
colour slides, except to take out larger 
lights. A maul stick, to keep the hand 
from touching the wet painting, can be 
made by covering one end of a light but 
firm cane with wool, so as to form a 
round knob, and tightly binding the 
wool over with wash leather, notching a 
groove in the cane to render the binding 
string quite secure. 

For brushes, red sable are best, being 
stronger in their hair than black sable 
or camel-hair, and they have a firmer 
and finer point than either of the others ; 
the brushes should be enclosed in flat 
tin, one of every (6) size. 

Dabbers are made by the amateur 
from round camel-hair brushes ; one 
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DabbersL 

of each of the 6 sizes are used. The 
points of the round brushes must be cut 
off as shown in Fig. 71, the dark lines 
show the part of the brush to be re- 
tained, the white space within the spots 
the portioi) to he out 4way. In order 



that the ends cut should be rounded, 
they must be burnt to shape, after 
cutting, by being held in the flame of 
a candle. They must be twisted and 
turned roand and round, so as to shape 
them to the proper form. When this is 
attained, clean off the traces of burning 
from them by rubbing them well with 
the finest sand paper. 

When the slide is painted, it requires 
to be mounted in a frame. These frames 
are made of wood ; mahogany is gene- 
rally selected, but deal will answer all 
the purpose. The three shapes for 
these frames are square, oblong, and 
round. The wool should be about i^ in. 
thick, and where the glass is to be 
inserted, the edge should be bevelled or 
have a rabbett on one side, the glass 
should be slipped in on this side, and a 
tiny steel or brass rim laid over it to 
keep it in its place. In choosing the 
wood for these frames, select only that 
which is perfect in grain and has no 
, knots. 

Paint slides by lamp or candle-light, 
as, being intended for exhibiting by 
artificial light, it will be seen at the 
time of painting whether the right 
effect has been produced. 

Commence operations by drawing a 
perfect outline of the picture on a piece 
of paper, which is laid under the glass 
as a guide. When a much larger 
picture than the size of the slide is to be 
copied, as long as the prominent features 
of the picture are seized upon, the effect 
is attained; and one or two accessories 
will look better than a quantity crowded 
into a small space. 

Should any inaccuracies be found 
when the outlining is finished, the 
colour can be removed by the knife. 
When all the corrections are made, and 
the outlining is judged complete, it must 
be fixed to the glass by washing all over 
its surface a varnish made of Canada 
balsam, diluted freely with turpentine. 
Having completed the outline, fixed it 
with varnish and rubbed up the glass 
well, proceed to the second painting. 

Moonlight subjects can be rendered 
pleasing if the appearance is given of 
the clouds inoving, or rather sailing past 
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the moon. This ii macageilbj' h»Tmg 
two pieces of glus where the tVy in 
pninteJ. The wooden frame will hme 
to be double on one side, to contiio the, 
filed piece of glass, and the other to 
form a groove for the nioTnblo piece 
to rest oD. Upon the fiied glnu the 
moon is painted and n light sky without 
elouds. The movable piece o( gloss is 
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it rerolring, and is particalarl}r osefnl 
r comic slides. Thus n dog kilUng a 
it is depicted in the act by using the 
ver slide. Pnint the dog with the 
ceplion of liis h ' ' ' ' " 



the 



logs, upo 



L the 



hold 
douds 






Flee. 



d be painted upon it in 



> .illow the 



iiiooa to be I'eeblj 

partly or completely obscured. Hake 

these cloads as unlike each other as the 

Do not leave large spaces in between, 
and let the strip they ere paiated on be 
of a good length, so as to give greater 
variety. Have a thin piece of n-oo<l 
fixed to the end of the strip, to serve as 
a handle, and when the slide is being 
exhibited insert the strip of glass, aod 
push it slowly along- 



glass, and upon the 
his head and neck with the rat in his 
jaws. When filing the slide in the 
lantern be careful ihat the neck on one 
gloss is quite joined to the shoulders on 
the other, and that the colouring of the 
animal is exactly similar on both glasses. 
By working the lever up and down, as 
shown by the dotted lines in (he figure, 
the head and neck of the dog will be in 
motion, and the rnt will look as if it 
wen being well shaken. {Artiadc 
Amusements.) 

ElECTEICS. (iii. 68-201.) 

Batteries. — Amidst tha enonDons 

advances made in the practical opplica- 

tloos of electricity during the last 10- 




small objects arc 
■aight along and 
disappear, while the larger part of the 
pictura reniuna stationary. A ship as 
in full sail can be drawn ocrosa a tea- 
piece by tbia contrivance. 

Fig. 72, known as the lever slide, la 
nsed when the motion of the mavobU 
pieca of glass is to be up and down, and 



ivance, j 12 years, the gilvan battery occupies 
, espc- I almost eiactlv the same pos t on as o 



c ty that I 
the beginning of that period. This state 
of things is certainly not due to a liick 
of interest or want of investigation, for 
although the professional inventor and 
most of those who look to electricity for 
their livelihood have turned their 
iution to fields ofiering more immedi- 
retacns for theii lobours. tbei'e an 
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probably very few amateur electricians 
who have not at one time or another 
dabbled i*i the subject in the hopes of 
making some discovery which would 
bring both fame and fortune. 

On the other hand, it cannot be said 
that the subject is not a promising one, 
for the broad idea of the direct conver- 
sion of chemical into electrical energy 
covers many possibilities, as does the 
kindred one of the conversion of heat 
into electrical energy through the 
medium of electrical energy, and any 
real advance in either of these directions 
must be of the most widespread impor- 
tance. 

The great fault is rather a misdirec- 
tion than a lack of energy, which often 
seems to be due to au entire ignorance 
of, or failure to grasp, fundamental 
principles, and consequently both time 
and money, that might have produced 
some good results if expended in the 
right direction, nre wasted in attempting 
to accomplish the impossible; and, 
although he naturally fails in the 
endeavour, the inventor often manages 
to persuade both himself and other 
people that he has actually achieved 
success ; in fact, those who are suffering 
from what has been aptly termed the 
" primary-battery disease," can only be 
classed with such paradoxists as the 
flat-earth theorists, the substantial 
philosopher, and the perpetual motion- 
ists. 

To make any substantial progress one 
must give up ringing the changes on 
sulphuric versus hydrochloric acid, 
bichromate of potash veraus chromic 
acid, nitrate of soda versus nitric acid, 
and go and strike out on more original 
lines, but always remembering that all 
battery phenomena take place- in strict 
accordance with the laws of chemical 
combination and the conservation of 
energy. Some of these may briefly be 
put as follows: — 1. Whenever two or 
more substances combine chemically, 
they liberate a certain amount of 
energy, which is called the energy of 
chemical combination. 2. The amount 
of energy liberated depends on the 
chemiciil affinity between them. If 



they* have a strong tendency to combine, 
it will be large; but if they only unite 
with difficulty, and under {he most 
favourable circumstances, it will be 
small. 3. To break up a chemical com- 
pound into its constituent substances or 
''elements,'*' will require the expenditure 
of exactly as much energy as was 
liberated by those elements when com- 
bining, so that if a substance leaves a 
compound of which it forms part in 
order to combine with some other sub- 
stance for which it has a greater 
affinity, the resultant amount of energy 
set free will be the differencQ between 
these two actions. 4. The greater 
portion of the energy freed by chemical 
combination usually takes the form of 
heat, and raises the temperature of the 
bodies concerned to a greater or less 
degree. 

The familiar phenomena of ''burning" 
or " combustion " oflFer us the most im- 
portant example of the above laws that 
can be selected ; for, ^besides being the 
method universally employed for obtain- 
ing both heat and light, it is at present 
almost the only known means of pro- 
ducing mechanical energy artificially 
and on a large scale. Here such 
substances as wood and coal, which are 
compounds consisting principally of 
hydrogen and carbon (" hydrocarbons "), 
combine with the oxygen of the air to 
form carbon dioxide (CO,) and water 
(H2O). The chemical affinity of carbon 
and hydrogen for each other is small, 
while /both have a strong affinity for 
oxygen ; consequently but little energy 
is absorbed in breaking up the original 
compound, and there is a tremendous 
generation of heat which maintains the 
burning substances at a temperature 
sufficient for the emission of both radiant 
heat and light in large quantities, 
although the main portion of the energy 
passes off in the hot gases. " Rusting " or 
" oxidation " is another well-known 
example of the same nature, but metals 
take the place of the hydrogen and 
carbon, and the action is ordinarily so 
extremely slow that the heat generated 
in the process is dissipated into the air 
and neighbouring bodies long before it 



fiLECTBICS. 



127 



can produce any perceptible rise of 
temperature, and there is'nothing there- 
fore to suggest '^combustion" in the 
ordinary sense of the word. 

As already implied, a galvanic or 
voltaic cell (also termed "battery," 
although, strictly speaking, this word 
should only be used in reference to a 
number of individual cells) is essentially 
an apparatus for the direct conversibn 
of the energy of chemical combination 
into electrical energy instead of into 
heat. In almost all*batteries at present 
of any practical value, the electrical 
energy is obtained by the combination 
of zinc with sulphuric acid to form 
sulphate of zinc, or, as it may be 
termed, the " combustion " of zinc in 
sulphuric acid. 

Every grain of zinc converted into 
zinc sulphate in this way sets free a 
fixed and definite amount of energy, a 
part of which is absorbed in other 
chemical changes taking place at the 
same time, while under ordinary circum- 
stances the remainder appears as heat, 
and indicates its presence by raising the 
temperature of the liquid. If, however, 
a piece of copper is placed in the acid 
with the zinc, and the two are connected 
by a wire outside the liquid, the latter 
portion of the energy shows itself as a 
current of electricity passing through 
the acid from the zinc to the copper, 
and back again by the connecting-wire ; 
but the point which we wish to em- 
phasise is that, no matter in what form 
the energy may be present, whether it 
remains as chemical energy, whether it 
is directly converted into heat in the 
liquid, whether it appears as electricity 
(being afterwards reduced to heat partly 
in the cell, and partly in the outside 
wire), or whether, as is most usual, it 
s divided in a varying proportion be- 
tween all the three, the total amount 
available is in each case precisely the 
same, and it follows, therefore, that the 
quantity of electricity to be obtained by 
the consumption of a given weight of 
zinc is strictly limited, the maximum 
output being reached when the whole 
of the energy takes this form. As a 
matter of fact, no cell absolutely realises 



this condition, although certain forms 
(not of much practical use) do so theo- 
retically ; but in the greater number the 
energy utilised electrically.does not, and 
cannot, exceed 40 to 90 per cent, of the 
total amount; and it is important to 
remember that the electromotive force 
of a cell, when freshly set up, affords a 
direct indication of the utmost percent- 
age that could be so utilised, provided 
there were no losses due to "local 
action " and " polarisation." 

It has been determined from theoreti- 
cal considerations that the electromotive 
force of zinc combining with SO4 to 
form ZnS04 is 2*36 volts, and the 
nearer the E.M.F. of any given cell to 
this value the greater is its possible 
efficiency— in other words, the maximum 
energy that can be utilised electrically : 
the total energy liberated by the 
zinc: : the E.M.F. of the cell: 2-36. 
For a Daniell cell this ratio will be 

1-08 

r-^, or 45 per cent. ; for a Bunsen 

2' 00 



cell 



1-8 
2^ 



■,, for 75 per «ent. ; for a bi- 



chromate cell r-^, or 85 per cent., and 

so on. To account for the remainder of 
the energy we must look a little closer 
into the chemical changes taking place 
in the cell. 

Zinc can only combine with sulphuric 
acid by liberating an equivalent amount 
(chemically speaking) of hydrogen — 
thus Zn + HjSO^ = ZnSO^ + H„ and 
just as zinc gives up energy and 
generates an electromotive force, so 
hydrogen absorbs energy, but in lesser 
amount, when set free from the com- 
bination, generating at the same time a 
" back " or negative electromotive force 
of about 1*46 volt; consequently the 
resultant E.M.F. of the cell is only the 
difference of these two actions, or about 
•9 volt (2 -31 -1*46), and the rest of 
the energy passes away in the escaping 
gas. If, however, some material is 
provided for which the hydrogen has a 
strong affinity, and with which it can 
re-combine, once more yielding up the 
whole or a portion of its potential energy 
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the E.M.F. of tbe cell will be increased 
in proportion, and this is one of the 
chief objects accomplished by the depo- 
larising fluid. In the Daniel cell, with 
a solution of copper sulphate for the 
" depolariser," the hydrogen displaced 
by the zinc in its turn displaces the 
copper— thus, CuSO^ + H, = H^SO^-f 
Cu, the metal being deposited on the 
negative pole; but the actual gain of 
E.M.F. is not very large, because the 
greater portion of the energy released 
by the hydrogen is absorbed by the 
liberated copper, which has nearly as 
strong an affinity for SO4 as the hydrogen 
itself, nnd exerts a back E.M.F. of 1*25 
volt. The resultant E.M.F. of the cells 
is now made up as follows : — 2 * 36 — 
1*46 + 1-46- 1-25, the two middle 
figures representing the liberation and 
recombination of the hydrogen to form 
sulphuric acid, of course, neutralise 
each other and cancel out, leaving 
2 • 36 — 1 25 = 1*1 volt approximately, 
which means that more than half of 
the energy of the dissolved zinc has 
merely been transferred to the deposited 
copper. 

The action of the depolariser in the 
Grove, Bunsen, and bichromate cells, 
including their various modifications, is, 
from our present point of view, very 
much more effective ; but as the 
chemical changes are more complicated, 
and their exact nature uncertain, they 
cannot be followed with the same 
precision as those in a Daniel cell. In 
every case, however, the liberated 
hydrogen abstracts oxygen from the 
depolariser to form water, nitric acid 
being broken up into oxide of nitrogen, 
and chromic acid being reduced in the 
same way to oxide of chromium, which 
combine with the sulphuric acid present 
to form sulphate of chromium ; but 
very little energy is absorbed in effect- 
ing these decompositions, and most of 
the energy of the hydrogen is returned 
to the circuit, which accounts for the 
high E.M.F. of the cells. 

If a zinc plate is placed in dilute 
sulphuric acid with the positive plate of 
an ordinary lead accumulator — that is, 
a lead plate covered with lead peroxide 



(PbO,)— we have a combination which 
gives an E.M.F. of 2*36 volts, showing 
that it is possible for this cell to utilise 
the whole of the energy electrically. As 
with the other dcpolarisers^ hydrogen 
abstracts oxygen from the peroxide, 
reducing it to PbO, which combines with 
the sulphuric acid to form leftd sulphate 
—PbO, + H,=PbO + H,0 and PbO + 
HjSO^r-PbSO^ + HiO. 
' Many kinds of zinc-consuming bat-* 
teries have long been used for working 
electric telegraphs, bells, telephones, 
and other similar apparatus; but none 
of them has ever been successfully 
applied to the production of electricity 
commercially and on a large scale for 
the purposes of electric-lighting, motor- 
driving, &c. The great difficulty in the 
way is that of cost. As long as small 
currents only are required, the expense 
of the material consumed in generating 
them is a relatively small one, and does 
not need much consideration, especially 
when, as is often the case, there are no 
other means of accomplishing the object 
in view; but as a method of producing 
electrical energy in quantity, batteries 
have to compete with other and cheaper 
ways of gaining the same end. For 
instance, zinc is a far more expensive 
fuel than coal, although the potential 
energy of the latter has first to be con- 
verted into mechanical energy in a 
steam-engine, and then into electricity 
by a dynamo, while the former effects 
the conversion at one step. 

llie amount of zinc consumed in pro- 
ducing an electrical horse-power (746 

2 
watts) for one hour = -=, lb. (E repre- 

E 

sents the working E.M.F. of one cell) 

supposing there were no loss by local 

action. I£ the battery were generating 

the full E.M.F. that is theoretically 

possible, namely, 2*36 volts per cell, 

2 



this would give 



2*36 



= *851b., and. 



although it is improbable that the 
terminal E.M.F. of any battery would, 
when at work, much exceed 2 volts per 
cell, as some loss due to the internal 
resistance must take place, we will 
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tissume that this minimum figure can 
be attained ; then, zinc costing 3d. per 
lb., an electrical horse-power hour 
Would cost 2\d. for zinc alone. 

Now, the combustion of lib. of coal 
generates at least five times as much 
energy as lib. of zinc. On the other 
hand, a steam-engine will only convert 
10 per cent., or about one-tenth of this 
into mechanical work, consequently, the 
energy to be obtained from lib. of coal 

burned in a steam-engine is— - = '5, or 

one-half of that to be obtained from 
lib. of zinc consumed in a battery. In 
other words, 21b. of coal will be required 
to produce one horse-power hour, which 
agrees with .the results actually obtained 
from good engines working under 
favourable conditions. 

Reckoning coal at IQs. per ton, 21b. 
costs Id., which will be the cost of the 
material used to obtain one mechanical 
horse-power hour in this way, and if 
this is transformed into electricity by 
means of a dynamo, the cost of an 
electrical horse-power hour may be put 
at a \d., which will allow ample margin 
to cover the losses of this second con- 
version. 

The relative cost, therefore, of energy 
produced from zinc and from coal is as 
2\d, to !(/., or as 10 to 1, and this with- 
out making any allowance for the ex- 
pense of the exciting fluid and thedepola- 
riser, which would cost at least as much 
again as the zinc itself. (E. J. Wade.) 

The statements which have been re- 
cently made in the daily papers as to 
the effects produced by the use of 
primary batteries in lighting railway 
carriages have brought many queries, 
not a few from persons who appear to 
imagine that the cost of lighting by 
that means is measured by the first 
cost of the battery and the lamps. 
Most schoolboys have nowadays learned 
the simple lesson that out of nothing, 
nothing comes; but judging by some 
of the paragraphs in daily papers, it is 
perhaps excusable that not a few of our 
querists should imagine that something 
remarkably cheap has been discovered, 
and that they can have the electric 
5 



light at a merely nominal cost. We 
have recently pointed out, not once 
merely, but several times, that an elec- 
tric light obtained from any known 
battery is really expensive as compared 
with the same amount of illumination 
obtained from gas or other cheap source 
of light, and that there is no hope of 
reducing the expense until someone 
discovers a battery the decomposition of 
the elements of which will produce a 
substance or substances which shall be 
worth at least as much as the raw 
materials themselves. We have, from 
time to time, described cells or battery 
arrangements, patented and otherwise, 
the inventors of which thought they 
had made one step towards the desired 
goal; but at present, notwithstanding 
all the pufHng, we are unacquainted 
with any battery which, all things con- 
sidered, is cheaper than the well-known 
combination of zinc and carbon excited 
by dilute sulphuric acid and bichro- 
mate of potash or nitric acid. For 
bells, telephones, and telegraphs, 
electro-metallurgy and medical pur- 
poses, other arrangements are more 
suitable ; but in the case of electric 
lighting and electro-motors, a constant 
and ample supply of energy to the full 
capacity of the battery is required, and 
at present we have not found a cheaper 
metal to oxidise or consume than zinc. 
This is an old tale. It must Le quite 
40 years since Staite took out a patent 
in which the commercial value of the 
residual products was mentioned, and 
latterly we have had several inven- 
tors taking up the old idea, without, 
however, demonstrating by actual re- 
ceipts that they obtained any return 
worth mentioning for the zinc and 
sulphuric acid expended. Probably if 
primary batteries came to be used on a 
very large scale indeed, a sufHcient 
quantity of residual products might be 
obtained to find a ready sale ; but it is 
extremely doubtful whether more than 
a fraction of the prime cost would be 
recouped, unless the battery can be in- 
duced to manufacture some unknown 
and really valuable substance whilst 
giving out current. In one of the new 
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battcriefl, Which is, we believe, working 
very well on several railways, lighting 
carriages with lamps of 5 to 10 candle- 
power, zinc and carbon form the two 
elements, and the battery is excited by 
a composition named ** oxidone,'' the 
exact nature of which is kept secret 
until the patents are completed. The 
working cost of this battery is stated 
to be as low as ^d. per hour for each 
5-candIe lamp, and a battery of 16 
cells will supply 18 lamps and can be 
charged for 40 hours — that is, the 
battery cau be used for 10 hours on 
each of 4 days without needing to be 
recharged. Taking batteries as we 
know them in practice, such a result as 
that must be regarded as very good 
indeed ; but if the cost has been arrived 
at by allowing for the sale of the 
residual products, it will af mce be seen 
that the battery is not so cheap as a 
good steam-engine and dynamo, for 
when current is obtained by the oxida- 
tion of zinc the cost is about 9 times 
gi'eater than when a machine is used, 
and the source of the energy is coal at 
about 205. a ton. Sprague worl^ed out 
this little sum for the benefit of all 
whom it concerns some years ago, and 
he found that taking the expense of the 
battery as only 4ed. per lb. of zinc, the 
cost of a horse-power for 24 hours was 
25s., whereas the same amount of 
energy could be obtained from a com- 
mon steam-engine and coal at 205. for 
10'29rf. Even if we suppose the re- 
sidual products of any battery in which 
zinc is employed return 2d, for every 
lb. consumed — «nd no one has supposed 
that possible amongst the most san- 
guine inventors — it will be seen that 
the common steam-engine has still the 
advantage as a motive power. Elec- 
trical machines have been considerably 
improved since Joule calculated that 
75 lb. of zinc would be necessary for one 
to maintain 1 h.p. for 24 hours ; but 
80 have steam-engines, and, therefore, 
we are brought back to the simple 
datum that the oxidation of zinc can 
produce so much and no more energy, 
and that unless some one can be found 
to pay a high price for sulphate of zinc 



there is no chance of any of the well- 
knewn cells in which it is consumed 
becoming a cheap source of electric 
light. It seems abundantly clear, from 
a number of experiments, that the 
most that can be expected from the 
best steam-engines and dynamos is 
200 candles of incandescent lighting per 
h.p.; and as it is also tolerably ap- 
parent that 2 lb. of zinc are necessary 
to obtain the same quantity of energy, 
we have 6d, as compared with \d. as 
the relative cost of the two sources of 
energy for electric lighting. It is not 
impossible that these figures are too 
favourable to the battery, for Sprague 
says that the cost of an equivolt of 
energy by a common steam-engine, is 
only •00112<f., while by a Daniell's 
battery it is *0541(^. There is this to 
be said, however, that even if the cost of 
working a 20-candle lamp is as much 
as ^d. per hour, there are many per- 
sons who would prefer it to gas or any 
other illumiuant ; and if the new bat- 
teries can be made to produce a really 
useful substance as a residual, the 
trouble and attention they may entail 
will not stand in the way of their 
adoption. So far as we know, a 20- 
candle light cannot be maintained at a 
cost of Id, per hour, even when the 
zinc and the acid can be purchased in 
quantities at the lowest price ; but if 
a battery is in existence which will yield 
such results, it is a pity those who own 
it do not make it known, for it is cer- 
tain they would have a very wide sale, 
provided they could guarantee its per- 
formance. At the price named it would 
be too costly for lighting on the large 
scale; but there are very many per- 
sons who would go to the expense of 
fitting up the battery and the lamp if 
they could have a light of 20 candles 
at a cost of \d, an hour. Possibly 
before long some one may invent an 
iron or a lead battery, and then those 
who are so anxious to have the electric 
light will probably have an opportu- 
nity of gratifying their desires ; as, in- 
deed, they may now, if only they are 
prepared to pay for them. But so 
long as zinc is used there is small 
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ckaace of primary batteries supplant- 
ing dynamos and steam - engines. 
{Eng, Mcch,) 

Axo, — The Axo battery, constructed 
by the Leclanch^ Battery Co., of 
America, is an " improved " form of 
Leclanch^, intended to overcome some 
of the defects of batteries of the 
porous cup class. The porous cup 
has a flange which rests on the rim of 
the jar and forms of itself a cover for 
the cell. The zinc passes through an in- 
dependent aperture of its own in the 
shoulder of the jar. The carbon con- 
ductor has inclined sides, increasing in 
size from the top to the bottom. By 
gravitation, therefore, the particles of 
the surrounding mixture are always in 
perfect and continuous electrical con- 
tact with its surface. The carbon 
itself is provided with ventilating 
grooves extending along its sides, by 
which it is much more readily relieved 
of the bubbles of gas which form on 
its surface and retard the electric 
action, than by the holes usually run 
through the seal and into the 
mixture. The well-known lead cap 
of the carbon is dispensed with, and 
in its place is used a thimble with 
thumbscrew, which can be slipped 
off and replaced in a moment. The 
battery wire passes through a small 
hole in the top of the thimble, and 
into a recess in . the carbon, against 
which, it is clamped by the thumb- 
screw. 

Bichromate piles, especially those 
single liquid ones that are applied to 
domestic lighting, all present the 
grave defect of consuming almost as 
much zinc in open as in closed circuit, 
and of becoming rapidly exhausted if 
care be not taken to remove the zinc 
from the liquid when the battery is 
not in use. This operation, which is a 
purely mechanical one, has hitherto 
required the pile to be located near the 
place where it was to be used, or to 
have at one's disposal a system of 
mechanical transmission that was com- 
plicated and not very ornamental. In 
order to do away with this incon- 
venience, which is inherent to all bi- 



chromate piles, Mareschal has invented 
and had constructed an ingenious system 
that consists in suspending the frame 
that carries all the battery zincs from 
the extremity of a horizontal beam, 
and balancing them by means of 
weights at the other extremity. The 
system, being balanced, the lifting or 
immersion of the zincs then only re- 
quires a slight mechanical power, such 
as may be obtained from an ordinary 
kitchen jack, through a combination 
that will be readily understood upon 
reference to Fig. 72a. The axis M of 
the jack, on revolving, carries along a 
crank M D, to which is fixed a con- 
necting-rod A, whose other extremity 
is attached to the horizontal beam 
that supports the zincs and counter- 
poises. If the axle M be given a con- 
tinuous revolution, it will communi- 
cate to the rod A an upward and 
downward motion that will be trans- 
mitted to the beam and produce an 
alternate immersion and emersion of the 
zincs. 

Upon stopping the jack at certain 
properly selected positions of the rod 
MD, the zincs may, at will, be kept 
immersed in the liquids, or vice versa. 
This is brought about in the follow- 
ing way : The jack carries along in 
its motion a horizontal fly-wheel V, 
against whose rim there bears an iron 
shoe F, placed opposite an electro- 
magnet £. In the ordinary position, 
this shoe, which is flxed to a spring, 
bears against the felly of the wheel 
and stops the jack through friction. 
When a current is sent into the 
electro-magnet £, the brake shoe F is 
attracted, leaves the fly-wheel, and 
sets free the jack, which continues to 
revolve until the current ceases to pass 
into the electro. 

The problem, then, is reduced to 
sending a current into the electro and 
in shutting it off at the proper mo- 
ment. This result is obtained very 
simply by means of an auxiliary Le- 
clanch^ pile (the piles got up for house 
bells will answer). The current from 
this pile is cut off from the electro F 
by means of a button B when it is 
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desired to light or extinguish the lamps. 
In a position of rest, for example, the 
crank M D is vertical, as shown in the 
diagram to the rigl»t in Fig 72a. The 
circuit is open between M and N 
through the effect of the small rod 

73A. 




Jdck for iinmci-sing zincs. 

0, which separates the spring B from 
the spring R'. As soon as the circuit 
has been closed, be it only for an in • 
stant, the crank leaves its vertical 
position, the rod C quits the bend S, 
and the spring R, by virtue of its 
elasticity, touches the spring R', and 
continues its contact until the crank 
M D having made a half revolution, the 
rod C repulses the spring R, and breaks 
the circuit anew. The brake then acts, 
and the crank stops after making a 
revolution of 180^ and immersing the 
zincs to a maximum depth. In order 
to extinguish the lamp, it is only ne- 
cessary to press the button B again. 
The axle M will then make another 
half revolution, and, when it stops, the 
zincs will be entirely out of the liquid. 
The depth of immersion is regulated by 
fixing the crank-pin D in the apertures 
T, or Tj of the connecting-rod. This 
permits the travel, and consequently the 
degree of immersion , to be varied. The 
device requires three wires, two for 
connecting the lamp with the battery, 




and one for manceuvring the apparatus 
through a closing of the contact B. 
With Mareschars system, bichromate 
piles may be utilised in a large number of 
cases where a light of but short duration 
is required until the battery is ex- 
hausted, without the tedi- 
ous manceuvring of a 
winch and without incon- 
venience. The jack per- 
mits of a large number 
of lightings and extinc- 
tions being effected Sefore 
it becomes necessary to 
wind up its clockwork 
movement. This opera- 
tion, however, is very 
simple, and may be per- 
formed every time the 
battery is visited in order 
to see what state it is in. 
Mareschal's apparatus is 
an indispensable addition 
to every case of domestic 
electric lighting in which 
bichromate piles are used, 
and, in general, to all cases 
where the pile becomes 
uselessly exhausted in open circuit. It 
will likewise find an application in la- 
boratories, where the bichromate pile 
is in much demand because of its power- 
ful qualities, and w^here it is often neces- 
sary to control it from quite a distant 
point. ( La Nature,) 

Cauteri/j for, — ^The battery consists of 
a series of carbon and zinc plates, pre- 
senting a very large surface, which is 
exposed to the action of a solution of 
bichromate of potash with sulphuric 
acid. Each plate is rectangular in 
shape, as in Fig. 73, but each has one 
of its top comers cut away. The zincs, 
as in Fig. 73, are deficient at the upper 
right-hand corner, and the carbons, as 
in Fig. 74, are cut away, corresponding 
to the left upper corner. In this way 
space is left to join each series of plates 
by a strong bi*ass rod provided with 
washers, by which their • distance apart 
is regulated. The rods are joined to a 
common handle above by metal pieces, 
care being, of course, taken to secure the 
insulation of one series from the other. 



Fig. 73 represents the batter j arranged 
in it* most eompact Bud portable form, 
the Teierroir being ao oak box lioed 
vrith sheet lead. The zinc and carbon 
clemeDti >r« lifted in and out of it by 
meane of the wooden handle A, bj 
which the/ are all tupported, and which 
rests by its ends in grooves ont at each 
end of the boi. When required for use, 
the bichromate solution previously pre- 
pared ie poured in from a bottle. After 
use, the plates are raised out of the 
■olutioa by means of the handle, nashed 
by dipping into a large veseel of water, 
and replaced in the boi, the contend of 
which have been prerioualy emptied 
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the solution, and ultimately puss into 
the narrow spaces ivhich are interposed 
between each pair of the tiied carbons. 
If the battery be required to act for 
any lenzth of time, the solution la 
eSectually agitated and polsTisalioa 
prorented by an occasional elevation 
and depression of the weight. 

The internal re!iatnnce of this battery 
is very small ; 
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proporl4onately little, e 

only 30 silk-covered ropes of copper 

wire .ire neceeaary in connecting it 

with the platinum to be heated. (C. 

Coppinger.) 

Chromic acid. — (a) Ptescott describea 




Battery lur canter]'. 



Fig. 74 repreaenta the battery as 
arranged for ordinarj use. The reser- 
voir contains a lai^ quanUty of solu- 
tion in which the carbon pistes are 
immersed to f of their height. The 
zinc plates are lifted entirely out of the 
solution by the action of the iron 
weight B, which more than counter- 
balances them. The drawing represents 
them in process of being lifted out, it 
fails to show that the connection of 
this bar with the zinc series is made by 
arms of metal outside the boi. When 
required for use, the bar weight B is 
Ijrted bv hand, the zinc plates dip into 



B chromic acid battery where bioliro- 
mate of potash and sulphuric acid taki 
the place of nitric acid in the Bmnaer 
batteTy. The solntion is made by dis- 
solving ^j^lb. bichromate of potash ' 
hot water, and when cold, adding i 
mlphuric acid. The zinc is pljiced 
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■IcscTiption fur bells, the elements must 
be rerersed. Id the outer jiir sboald 
be a Ui^ surface of cBrbon in biehro- 
tUBte eolation (ndding s fev drops of 
Bulphnric icld), the lumps of graphite 
picked closely round the porous pot. 
Inside the porous pot n strip of zinc is 
placed ia o. eolution of salt. Two of 
thesa ceils coupled for intensity will be 
sufficient to ring snj ordinary bell. If 
yon do not wish tospoil the porous pofs, 
place just enough salt to acidulate the 
water— say ^ teaepoonrul to each. The 
bichromate will last a long while -, but 
the saline solution in the parous pot 
should be chani^ed once in 6-9 iveeks. 
To keep a couple of porous pota in clean 

all the impurities would soak out in the 
mena time. A coQple of these cells caa 
ensil; be mode up by eipeii mental 
electricians for neit to nothing in cost, 
as many hare most of the materiala 
required at hand. 




(S)'Fig. 75 ia better than the ordinary 
farm, being much more convenient and 
compact, and giving a greater current. 
This battery is very constant, and 
will light a lamp for nanjr bcQTB. Th« 



cell may be used nith the dsubI 
chromic-acid solullon. E.M.F, 2-03 
volts. Internal resistance for 4 sq. in. 
zinc surface = } ohm ; copper-wire to 
be attached to the binding-^crew A of 
neit cell. This wire may also be used 
to suspend the elements. To keep the 
carbon rods at a suit:ible small distance 
from the zinc rod and from each other, 
small pieces of rubber tubing are 
slipped on each rod nt the two ends, and 
are seen ia the sketch partly covered 
b; the elastic bands, above which the 
carbons are coated with copper by 
electrolysis, and have eoldei'ed to them 
a Oeiible lignmeot of tine copper wire, 
and other wires (A and B) for anpports 
to suspend the elements in the neck of 
a bottle. The ligament is cat through 
between the rods marked 2 and 3, ao 
that when the two elastic bands have 
been removed the carbons may be 
detached from the zinc. The above is 



the 



t of . 



Tbon I 



1 the form of rods. 



e cell, the carbon being 




DelBinj^ bit(«7. 



Delamy's.—Iig.76 it 
the standard gravity battery. The saU 
phate of copper is enclosed in the straw- 
board boi, the line in a paper envelope, 
and the rim of the jar has attached to 
it on the inside hj a sticky guba(anc« a 



band of rubber cloth. The sdraiitagea 
claimed foi th< cell are at follows: — 
When the batterj is first set up, the 
dust of nulphate of copper is not 
iostantlj- dissolved and diffused through- 
out the liquid, coatinj the iluc with 
copper, as is the case with the ordiuary 
cell. Sereral minutea elapse before 
diacol Duration of the fluid Seginj, and 
then oqI; at the bottom of the eel), from 
n-heuce it rises very gradually, never 
reachiDg the linc If the hoi be iilled, 
the charge of copper is always uniform. 
Deposited or spongy metallic copper 
cannot fall upon the erfstals from the 
zinc, and caking or massing in the 
bottom of the jar is thus prevented. 
The copper electrode is held firmly in 
position, always the 
same distance from the *i 

zioc la a lattery ofany 
considerable number of 
ordinary cells it would 
be difiioalt to find two 
alike in this respect. 
There are little or no 
stalaotitic formations 
from the zinc, and conse* 
quently no local action, 
rendering the battery 
very ueefnl for open- 
circuit work. When 
water i« poured In to 
make np for evaporation, 
the equilibrium of the 
fluids is nut distnrbed. 
The deposit on the linc 
thus protected is aasily 
removable, requiring no 
hacking or scraping. 
One zinc will esdure 
two charges of sulphate 
of copper. The band 
around the rim b one of the 

urea of the cell, aa it 

sulphate frOm creeping 

It offers simply a mechanical 

It works perfectly in 



rims of the jars are clean and dry. The 
sticky side of the strip shonld be heated 
slightly and pressed on finoly all 

FrieiUandeT'i^-Yig. 77 shows thU 
portable battery with incandescent lamp 
attached for ordinary use, but various 
modiflcations of a more or leas orna- 
mental character are manufactnred. 
Fig. 78 illustratei the manner in which 
the electrodes are arranged. They con- 
sist of carbon blocks and linc roda 
attached to an siia which canbetumsd 
from the oataide by means of a knob, so 
that when Ihe light is not required the 
electrodes are turned into a horizontal 
position clear of the liquid. I3y lowering 
them more or less, the Intensity of the 







Of c 



, the» 



bands may be applied to any battery 
requiring them. They serve equally 
well for Leclanchi battery, and, to 
attach them to cells ofany kind already 
up, it Is only necessary to aee that the 



no fmne or smell. With a 3 c.p. lamp, 
one charge of the electrolyte will last 
for about 3^ lamp hours. The eihausted 
liqnid muat then he poured away and 
fresh solution tilled in, an operation 
requiring DO more skill than the filling 
of an ordinary oil lamp. The carbon 
electrodes, which are specially prepared. 
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do not need renewal, but the zinc rods 
mast of coarse from time to time be 
replaced* This portable battery and 
lamp is intended for ase in warehooses 
and other places where ordinaxy lamps 
are inadmissible on account of nre risk, 
and also for use in bedrooms and other 
places where light is only required for 
a short time. 

Oas, — Following are details concern- 
ing an 18-cell battery of Treeby's 
design, using material which can be 
easily obtained, and which requires no 
special construction, though it would 
be better if the glass cells were less 
deep, as it would reduce the height of 
the battery more than 1ft. The cells 
are placed in a framework made of vul- 
canised fibre, as it is strong and easy to 
work. 

For the construction of the frame are 
required 4 pieces of fibre 50}in. by 2in. 
by lin., and these will make the 
uprights ; 4 pieces 15^in. by 2in. by 
lin., for cross bars ; 2 pieces 13|in. by 
13in. by -j^in., for the top and bottom of 
frame ; 2 pieces 46in. by 9^in. by fin., 
for the sides ; and a piece of }in. plate- 
glass, 45^in. by 13|in. for the back, 
together with 19 pieces of fin. patent 
plate-glass, 13^in. by lOin. To con- 
struct the framework, first take one of 
the uprights, and having mitred one 
end across the thickness, take a saw, 
cut immediately below the mitre, fin. 
deep, and another fin. below that, and 
plough out the groove with a plough 
plane (Fig. 79, top end) ; then 3f in. and 
4in. respectively ftrom bottom of upright 
take % saw-cuts fin. deep, and plough 
out between them, making }in. below 
lower groove a mortise hole fin. by fin. 
This do to all the 4 uprights, afterwards 
cutting a fin. rabbet on either side 
between the upper and lower grooves in 
the case of two, the other two being 
rabbeted on one side only as shown by 
dotted line. Fig. 79. When this is done, 
take the two last uprights and cut 17 
grooves 2f in. apart, -^in. deep, by fin. 
broad ; these will then have the appear- 
ance of Fig. 79. Now take the two side- 
pieces, 46in. by 9|in. by fin., and plane 
a mortise cnt -^in* deep i^long the top 



and bottom of each, and after laying one 
of the grooved uprights upon them, 
mark off and cut 17 grooves correspond- 
ing to the ones made in uprights. These 
must exactly meet when fixed in their 
places. Again, take one of the sides, 
and, marking off lin. from the top, bore 
exactly in centre of side a }in. hole and 
17 other ones 2f in. from ' each other ; 
these holes are for the rubber tubing 
which conveys the gas to the cells, and 
which are connected to the gas-taps M, 
Fig. 81. On the other side mark off in 
the same way, boring two |in. holes 3in. 
from either side. These are for the 
connecting wires from cells (Fig. 80), Y 
being binding screws, the small dots 
above being the holes. This having been 
done, take the two top and bottom 
pieces 13f in. by 13in. by fin. and cut 
two rabbets fin. deep on the bottom side 
of the top piece and the top side of the 
bottom respectively at the back — these 
rabbets being for the glass back to fit 
into — afterwards fitting them both to 
the sides by cutting their corresponding 
mitres on right and left. Now when 
two of the cross-bars have been mitred 
at their ends and the other two have 
had their ends shaped to tenons so as to 
fit into the mortise-hole at bottom of 
uprights, the framework ought to be 
completed and merely require fixing,, 
which had better be done with bichro- 
mated isinglass glue, being careful to 
rough the parts to be glued with sand- 
paper or a coarse file, using small brass 
screws fin. long for fixing the sides and 
cross-bars, and red lead putty for fixing 
the glass back. 

When thoroughly secure, varnish with 
a stifiish solution of shellac in spirit, to 
which has been added, whilst warm, 10 
per cent, of solution of rubber in 
chloroform and 2 per cent, of copaiba 
oil. When the varnish is dry, slide the 
glass plates into their grooves. Fig. 84 
will perhaps give a general idea of the 
battery when fitted with cells, G being 
zinc wings sloped forward in order to 
concentrate the draught, and on which 
are hung two leaden tubes £, with 
branches terminating in little cups to 
catch drips frombi|tterype)ls, the i^bovfi 
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being so pivoted that they can swing I ought to be about 28ft. high, and which 
ronnd when the cells require to be taken | terminates with a large ventilating cowl 
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Treeby*8 battery. 



A, vulcanised frame; C, grooves for sliding glass partitions; D, overflow drip tubes; K, gas 
regulator; L^ screw cap; H, core float; M, gas^cocks leading into cells; N, brackets for 
fixing gaspipe; P, pressure indicator; B'B, shunt binding-screws; S, main binding-screws ; 
T» tap for condenswl water ; W, condenser ; V, lamp { X, damper for draught ; Y, binding' 
screws from cells. 



out of their compartments. In Fig. 81 
will be seen 3 of the 6 pipes leading 
ffpm battery box iDto chimney Z, ^yhic^ 



to ensure always a thorough draught 
through battery box, and of the other 
parts shown iq Fig. 80. W is a recep- 



tacU far toy water condense d in 
chimne;, X being B damper contained 
in it, T being a imall tap or outlet for 
Gondeiuei! water. It will also be seen 
froni Kig. 80 the position of cells aliowa 
of a clear S^iDp space bebind for draoght. 
In Fig, 81 M is & bruB tube fitted irith 
18 noiiles and taps, b^r which to con- 
it hydrogen gas to cells, these being 
cled by means of short lengths of 
rubber tubing. The brssa tube 
Datea at the top with a pressure- 
ginge P, and hu at itn bottom end a 
regulator K, which regulates both the 
pressure and quantity of gas, for it will 
be seen that when the gat ie turned on, 
the float H, which is made of thin iron, 
rises until a series of small perforations, 
halfway along its length, come opposite 
the opening of pipe leading gas to eella ; 
then on any lamp being turned on in 
the main S, a sbant current R pasaea 
through Tegutalor and controls the 
gas according to the resiitancei of 
the lamps tn parallel; the regulator can 
aba easily be adjusted bj turning screw- 
It may seem unneceisary to hare both 
a pressure gaage and taps to all the 
nozzles ; but, apart from the conveni- 
ence of abutting off some cells, in case 
of a leakage of hydrogen gas, which has 
DO imell, it can at once be determined 
and the cell cut off It vriil also be 
percelred that the bobbin of regulator 
is a shnnt on the main leading wires, V 
being a lamp inserted in shunt ; but 
this ia quite optional, as by rerersing 
the regulator and readjusting screw- 
cap, it can be used direct on the main 
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cell. For these are required 36 pu 
of vulcanite, 12§iu. by |ln. by jin., 36 
pieces SJin. by ;in. by jin., and these 
will make the 18 top or positive frames, 
and for the bottom frames will be 
required the same number of pieces, 
12iin. by Jin. by Jin. and BJin. by |in. 
by j)in. respectively. All these can be 
nicely cut out of two holf-Rheets of 
vulcanite jio. thick. In addition t« the 



abCTo will be required 18 pieces, IZJin. 
by 9)in., of silver wire gauze, 129 mesh, 
and 18 piece), 12in. by 9in., together, 
with several lengths of copper or silver 
wire, No. 18 gauge, and a good many 
gutta-percha whip-lashes for sealing in 
with, and 36 strong elastic bands ^in. 

The first thing to do is to mitie, 

mortise, and tenon all the Tnlcanite 
■trips, and to take a naw-cnt Jin. deep 
down the inside -^in. fVom the ed^, 
boring a hole on one side, 4in. from top 
aide, for the connecting wire to pass 
through (Figs. 82 and 83). On the other 
side in the centre on outside of frame 
file a small groove about \ in. wide 
ncToss it; this is for the labbei 
tubing. 




The Dcit thing, aller fitting all the 
frames, is to £i the silver-wire mesh 
inside them, and to do this first toka 
the game and turn it up jin. all round, 
running a silver or copper wire, No. IB 
B.W.G. ander the lap, twisting the two 
ends together where they meet (Fig. 
83); then taking the shorter piece of 
vulcanite with the hole in it, pass the 
twisted wires through and press the 
wire edging into saw-cat by means of a 
blunt screw-driver. This also do on the 
opposite side with the other piece, 
Bolderiag the wires to the mesh with 
metallic putty, and sealing over the saw- 
cut with a piece of gutta-percha whip- 
lash i then take the two longer pieces, 
and having placed the other side of the 
wire mesh into their respective saw-cuts. 
Si the ends of the pieces in their place. 
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with a solution of gutta, passing a 
rubber band all round the frame. Now 
press the wire edging home on either 
side to bottom of saw-cuts, soldering as 
before, and sealing with gutta-percha. 
This will strain the wire mesh, and 
make it quite tight— an absolute neces- 
sity for the proper working of the cell. 
The wire mesh-plate is now nearly com- 
pleted, but will have to be placed in a 
silver bath until the wires of gauze are 
cemented together, when it will have to 
be transferred to a platinum bath. All 
the other frames must be treated in the 
same way. When the smaller frames 
have been sealed in the bottom of their 
respective glass cells, place the larger 
ones over them, on the upper side of 
which has previously been placed about 
l^lb. granulated platinised carbon, about 
the size of 4 or 5 shot. The cells are 
now practically finished, except for 
the addition of a dilute acid, and can 
be placed in their different compart- 
ments. 

No doubt the above is capable of many 
improvements, such as the corrugation of 
the plates, closing up the face of battery 
and using forced draught ; but the wire 
gauze plates will only be beaten by thin 
porous metal ones made of 'some less 
costly metal. The difficulty of the cell 
is that it must be kept absolutely level, 
so that the positive or upper plate is 
never out of capillary attraction with 
the dilute acid in the cell, and yet it 
' must be never underneath the surface. 
To remedy this 1 tried floating the 
positive plate; but this so diminished 
the available surface that I prefer 
the level kept constant by overflow 
tubes, such as D, the evaporation 
being also kept constant by turning 
damper X. This latter will be fairly 
rapid, as the air not only passes over, but 
permeates through the layer of carbon 
in cell. 

It is as well to mention that before 
turning gas on to battery, if all the cells 
are connected in parallel and coupled 
to eight }-gal. Bunsens grouped in series 
of two for aboutlO-20 minutes,discharg- 
ing once or twice, but being very care- 
fa! not to attack silver mesh, the inter- 



molecular porosity of the plate will be 
much increased. The last charging had 
better remain in the plates until the 
gas is turned on to battery, as owing 
to what I call a molecular suction the 
freshly-liberated hydrogen from gas 
apparatus seems to take the place of the 
hydrogen disengaged in cell more readily 
when circuit is closed afterwards. 

Kow as to cost and efficiency. The 
cost is easily calculated, and would be 
between 50^. and 60^. ; the absolute 
efficiency is difficult to calculate, but as 
the current density in discharge has 
varied from * 1 to nearly * 3 per sq. in. 
in the several kinds of plates experi- 
mented with, I think I should be justi- 
fied in stating that a 25-cell battery 
constructed on the above lines, exposing 
140sq. in., or Isq. ft. of negative area, 
would give about 1 electrical H.P. — a 
poor result from such a mighty edifice 
of cells — ^and would cost from 80/. to 
90/., or not more than a first-class gas 
engine of the same power. Of course, 
future improvements would greatly 
increase the output of the above, and 
might possibly reach 2 H.P. or 1500 
watts. 

With regard to the working of gas 
batteries, there is a critical point at 
which the greatest effect takes place ; 
this is that point at which the combining 
elements occupy the least possible space 
without giving or losing heat to the 
surrounding solution. Thus, in an oxy- 
hydrogen cell with perfect plates the 
critical point is 4° C, but the inter- 
molecular porosity increases with the 
temperature, and the temperature 
increases the pressure of gas at a con- 
stant volume, therefore the temperature 
must vary as the thermo-molecular 
porosity of the material, of which the 
plates are composed, and the pressure 
must vary as the temperature, to obtain 
a constant volume, and since it will be 
seen that the limit of temperature must 
lie between 4° C. and 100° C, in all 
probability unless the atmospheric 
pressure on positive plate is increased, 
the greatest effect would take place 
when the negative plate is heated to 
100° C„ using a pressure of gas at 5 * 2lb. 
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Trecby's battery. 

A, vulcanised fibre frame ; B, class cells ; C, plate glass supports dividing cell compartments • 
D, overflow drip tubes from cell ; E, catch cups and tubes to lead away ovemow drip • 
y, basin tft hold suiplus wa^r ; Q, jinc wings tp oonoen^te (}^a^gl^^ " * ' 
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pei^ sq. id., the solution remaining a 
4^ C. ; but, of course, in actual practice, 
a compromise must be made, so as to 
give the best results. . Therefore, I 
suggest that the negative plate be made 
very thin, which also increases its mole- 
cular porosity, so that the energy of the 
current may generate the heat required, 
and that the positive plate be kept cool 
by the evaporation which takes place, 



when the metal will be pierced with 
tiny holes, according to the coarseness 
of the mesh used. (A. Treeby.) 

Holtzer. — The desire to obtain an 
open-circuit battery of large generating 
power, and one which should quickly 
recuperate, led to the construction of 
the Holtzer cylinder battery of the 
Leclanche type, shown in Fig. 85. As 
will be seen, the battery consists practi- 




Holtzer battery. 



so that th« solution in the immediate 
vicinity of the plate where the combina- 
tion takes place should be as nearly as 
possible 4° C. ; also a low temperature 
is more conducive to the formation of 
ozone in the carbon above positive 
plate. It may be worth mentioning 
that a very thin plate can be made by 
taking very thin metal foil and burnish- 
ing over a piece of iron wire gauze. 



cally of two parts only, as the cylinder, 
zinc, and connector form the first part, 
they being collectively united and 
forming one piece alone ; the second 
part being the glass jar. The cylinder, 
resting on the top of the jar, forms by 
its weight a well-sealed joint, thus pre- 
venting evaporation. There are no 
fragile parts to be easily broken, but 
one strong heavy carbon of cylindrical 
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form, having a binding post well secured 
to it and thoroughly protected from 
salts. The zinc is separated from, the 
cylinder by a porcelain piece of wedge 
shape to secure a close fit. Thus is 
presented one of the simplest and most 
practical forms of Leclanch^ battery 
obtainable. 

Imchenetzki, — ^This battery has a con- 
siderable E.M.F. and very great con- 
stancy. The exterior containing cell 
is of tinned iron, with a base of cast 
iron ; the interior cell, open at the base, 
is of paraffined cardboard, and contains 
8 porous diaphragms. Melted paraffin 
wax is poured at the bottom of the first 
cell, and when this is cold the second is 
introduced. There are thus 9 com- 
partments |)erfectly insulated, of which 
4 contain sulphate of soda with plates 
of zinc, and the other 5 are filled with 
chromic acid with eletitrodes of specially 
prepared graphite. The interior cell 
being a little lower than the exterior, 
two flattened funnels caa be placed in 
the spaces by which the two solutions 
are poured in. The liquid amves at 
the same level in all the compartments. 
At a certain height openings are made 
by which the excess liquid can flow 
through. An outlet is made at the 
bottom of the first cell by which the 
whole of the compartments can be 
emptied by the simple turning of a tap. 
The positive electrode is in compressed 
graphite, with a metallic gauze, to 
which the terminals are soldered and 
covered with paraffin wax. The graphite 
is light and very compact, so that the 
liquid in which it is immersed does not 
rise by capillary attraction and does not 
oxidise the terminals, which usually 
happens with other batteries. In cer- 
tain types the negative pole is also 
made of graphite. The E.M.P. of this 
battery is about 2*12 volts if both 
electrodes are of graphite ; the internal 
resistance is 0*08 ohms. 

Iron. — ^A novel and simple form of 
electric battery has recently been in- 
vented in Italy. It consists of conical 
vessels of cast iron and porous earthen- 
ware, with nitric and sulphuric acid. 
An iron cone is placed point downwards 



in a stand, and is partly filled with 
strong nitric acid. In this there is 
placed a cone of porous earthenware 
containing dilute sulphuric acid. Then 
follows an iron cone surmounted by an 
earthenware one, and so on in a series, 
each vessel containing its respective acid. 
It follows that the inner surface of 
each iron vessel is bathed in nitric acid, 
and becomes passive, acting the part of 
the platinum or carbon in an ordinary 
cell. The outer surface is attacked by 
the dilute sulphuric acid, and takes the 
place of the zinc. There are no con- 
nections to make, the simple building 
of the pile putting all the parts into 
union. The earthenware cones are 8 in. 
diameter and 4 in. high, and contain 
550 C.C. of 10 per cent, sulphuric acid 
solution. The iron vessel contains 110 
c.c. of nitric and sulphuric acids, the 
latter being 3 times the volume of the 
former ; 60 elements, arranged in two 
piles, have a resistance of 10} ohms, an 
electro -motive force on open circuit of 
81 volts, and on closed circuit of 45 
volts, with a current of 4-^ amperes. 
After 5 hours the difference of potential 
falls to 28 volts, and the cuvrent to 
2^ amperes. 

Kovksmine. — By making use of the 
phenomenon of diffusion, Kousmine has 
succeeded in overcoming the increase in 
internal resistance of the bichromate ot 
potash battery due to the formation oi 
crystals on the positive electrode. ^ The 
positive carbon electrode consists of 4 
strips attached to the lid of the battery. 
The negative zinc electrode consists 
of a circular grating, resting on the 
bottom of the battery. By means of a 
funnel a 15^ B. solution of sulphuric 
acid is introduced, until it just reaches 
the lower end of the carbon strips. A 
6 to 7 per cent, solution of bichromate 
of potash is next introduced. The two 
liquids do not mix, on account of the 
great difference in their densities. When 
the battery is short-circuited, it b easy 
to see that chemical action only takes 
place close to the lower end of the 
carbon strips, which are gradually 
surrounded by a violet ring 2-3 mm. 
deep. Above this region the bichro« 
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mate solution retains its original colour. 
The bichromate solution being yery 
weak, the chromic crystals dissolve as 
soon as they are formed, and the posi- 
tive electrode is not covered by a 
deposit as in other batteries. The 
solution of these crystals, having a 
greater density than the surrounding 
liquid, falls to the bottom. The sul- 
phate of zinc also falls to the bottom of 
the cell, causing more sulphuric acid to 
rise. A cell tested by a committee of 
experts showed : — Height 20cm., dia- 
meter, 15cm., surface of zinc 176sq. 
cm., bichromate solution 6 per cent., 
sulphuric acid 15** B. After having been 
circuited for 8} hours on an external 
Msistance of *32 ohm, and then left on 
open circuit for 10} hours, the cell con- 
tinued to work for 4} hours, when the 
circuit was again closed, and it gave 
during 13 hours 36 ampere-hours for 
an expenditure of 48grm. of zinc. 

Lciande- Chaperon, — The inventors 
hoped from experiments they made 
that by combining zinc and an alkaline 
solution with an efficient depolarising 
solid, they could fulfil the necessary 
conditions for a cell which should 
remain mounted for a long period, like 
the Leclanch^, whilst furnishing a con- 
stant and large current, several amperes 
for instance, though but of small 
dimensions. Following out this train 
of thought, the trial of metallic oxides 
as depolarising material, a large num- 
ber of which are insoluble in alkalies, 
was naturally indicated. Among all 
those examined none seemed to supply 
electrodes of such capacity as oxide of 
copper. Peroxide of manganese gives a 
high E.M.F. with an open circuit, but 
in alkali elements, as also in sal-ammo- 
niac elements, polarisation ensues very 
quickly for a duty of some importance. 
They did not think it worth while to 
follow up the examination of this 
combination subsequently extolled by 
Leuchs. The various oxides of iron, 
natural or artificial, turned out badly, 
and were not reduced in any appre- 
ciable manner in the battery. How- 
ever, the small layer of oxide formed 
by oxidation through heat on plates of 



iron placed at the positive pole was re- 
duced rapidly enough, and made good 
contact with depolarisers, even solids. 
This quality of making with the posi- 
tive electrode sufficiently good contact 
to allow the battery to work well, to 
make good contact, is very variable, 
not only with the nature of the oxides, 
bat also with their physical state. 
Thus oxide of copper formed by roast- 
ing copper in the air is generally found 
to be in good condition for use ; whilst 
chemically precipitated oxide makes far 
inferior contact with the electrode. The 
binoxide of mercury, which it would 
appear should show properties very 
much resembling those of oxide of 
copper, depolarises slowly and badly, 
whether it is used with a support of 
copper, iron, carbon, or even mercury. 
Oxides of the precious metals (silver, 
platinum, gold) give high electro- 
motive forces, and depolarise regularly. 
Oxide of silver has given, in D'Arson- 
val's hands, an E.M.F. of more than 1^ 
volt. Unhappily, the price and the 
high molecular weight of silver render 
its use very limited. The battery thus 
formed is not completely reversible; 
the silver reduced to oxide in the work- 
ing of the battery only absorbs electro- 
lytic oxygen in an incomplete manner, 
whilst with copper the absorption is 
complete up to perfect oxidation. The 
same electromotive forces are obtained, 
in fact, by the use of the oxide or 
chloride ; the latter, having a heat ot 
formation far higher than that of the 
oxide, evidently will not give the same 
E.M.F. unless it undergoes a preliminary 
transformation. High electromotive 
forces might be hoped for with the 
higher oxides of nickel and cobalt 
obtained by an electrical recharging of 
elements working as secondary bat- 
teries; but these products make bad 
contact with the supports. Oxide of 
bismuth, on the contrary, which is 
formed by using the lower nitrate, 
might answer readily; but it is veiy 
inferior to oxide of copper. Binoxide of 
lead cannot be used. 

Having ascertained in a general 
manner that the combination of the 
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properties of oxide of <iopper and those 
of alkflline solutions enabled them to con- 
struct ft cell which would last and give 
a high duty, it remained to design 
simple forms for different uses. The 
use of agglomerate depolarising solids 
has been much upheld. Products hay- 
ing energetic depolarising properties, 
and offering great resistance to the 
dissolving action of caustic alkalies, are 
prepared by mixing a small quantity of 
oxychloride of magnesium with oxide of 
copper, and moulding the material on a 
metal support to ensure contact. This 
method of using the oxide readily per- 
mits of the formation of elements of 
small volume and large surface. It is 
necessary to remark, however, that 
under ordinary conditions, when the 
battery must not be recharged after 
running down, these agglomerate plates 
become, as in the Leclanch^ cell, a use- 
less residue, and the work expended in 
their manufacture is entirely thrown 
away. On the other hand, the pure 
metallic copper obtained by the reduc- 
tion of the unmixed oxide is far from 
being valueless. Accordingly, it seems 
more practical to apply the oxide to the 
conducting support, which in this case 
should be horizontal, by its own weight 
alone. Constructed under these con- 
ditions, in which the depolarising 
material rests on a plate, or, better 
still, at the bottom of a metal jar, is 
the most handy form for numerous 
purposes. The use of agglomerate 
plates should be reserved for special 
cases. 

In these cells the zinc is placed in the 
upper part, and when in work the very 
dense solution of zincate of potash which 
is formed falls to the bottom of the jar, 
where it lies in a syrupy layer, so that 
to the very end the zinc is in contact 
with the dilute alkaline liquid which 
should attack it. This it does under 
these conditions with perfect regularity, 
whilst plates of zinc immersed as far as 
the bottom of batteries of the same 
kind are eaten away with increasing 
rapidity from bottom to top. A plate 
of zinc 3 mm. thick, placed horizontally, 
can be eaten away so regularly as to 



have at last a uniform thickness of only 
*2^*3 mm. In batteries at rest the 
separation of the solution of potash and 
the saturated solution of zincate whicli 
falls to the bottom may be clear enough 
to permit of renewing the exciting 
liquid by syphoning off the saturated 
parts to replace them. Soda gives 
apparently the same results as potash, 
both as regards E.M.F. and internal 
resistance. Potash avoids the forma- 
tion of creeping salts. This incon- 
venience can, however, be avoided in 
large cells by simply covering the 
surface with a liquid not attackable by 
soda. It is useful to employ sufSciently 
concentrated solutions, up to 30-40 per 
cent., for instance. A solution contain- 
ing 5-6 per cent, of potash dissolves 
but very little oxide of zinc; and a 
solution of alkaline zincate precipitates 
oxide of zinc when diluted with water. 
There is, therefore, a far greater rela- 
tive proportion of unused alkali the 
more dilute the solution is. When the 
alkaline solution in the battery is 
saturated, though the circuit be closed, 
the zinc continues nevertheless to be 
attacked; but then oxide of zinc is 
deposited as much at the bottom of the 
jar as on the zinc, which it covers with 
a hard crust. The appearance of these 
deposits indicates the exhaustion of the 
battery. The carbonic acid of the nir 
is absorbed by the potash of the bat- 
teries, especially if the surface is not 
protected by a cover or layer of liquid. 
This absorption, which otherwise is 
very slow, is only inconvenient so far 
as it renders useless the quantity of 
potash converted into the carbonate 
state. When the alkaline solution is 
saturated with oxide of zinc and 
remains exposed long enough to the 
action of the air, it causes insolnble 
crystals to be deposited in water (which 
appear to be oxide or hydrate of zinc). 
One serious inconvenience is found in 
nearly all batteries intended to remain 
untouched for a long period; that is 
that the zinc, even with an open circuit, 
is rapidly attacked at the level of the 
liquid and to a small distance below the 
surface. It may in this way be com* 



plettlf cut in two, even if it be a 
plftte, and the woiking or th« cell be 
■topped. The use of insnlating Tarnish i 
or ptotocting band* of rnbber get« c 
thin difficulty. If the zinc be Bospeai 
b/ B wire or rod of any other aolnble 
met*], ■ local couple is formed which 
rapidly deetrofe the electrode at the 
point of attadiment. A rod or plate of 
brass or of amalgamated copper ma; be 
n«d ai a support for the lino. Amal- 
gamated line will not form a coaji' 
with amalgamated brass, erea after 
long period of immerEioD. Thia meth< 
is adopted for all batteries required for 
any length of time. The zinc is alwajs 
eompletel; immersed and suspended bj 
a conductor of amalgamated brasa con- 
nected with a terminal. 

The oxide of copper battery can be 
made In many different forms, sccord- 
ing to the seryica it is intended for. 
Models with an eitcmal iron jar ofier 
th« adTnntage of being hermetically 
closed, readily portable, and of great 
solidity — very important qnalities for 
cells enclosing a caustic liquid, 
of these fonns (Fig, 86) the outer jar, of 
■09m. diameter, looks like a shell. It 
constitntes the positivepole; aterminal 
A projects as shown. The outside of 
the jar is paraftined when cold, so as to 
prevent rust and abort circuiting. The 
zinc D is formed of a cylinder 'OSm. 
diameter, soldered to a rod of amalga- 
mated brass K, Rtted in s rubber tube 
G, and carrisi the terminal F. The 
tube is also traversed by a metal tobe 
terminated by a ping H, formed of 
split rubber tubiag. These cells are 
usually delivered Hlled with the potash 

only necessary to throw in the proper 
quantity of oiide of copper, which 
spreads over the bottom at B, and to 
close the cell by means of the rubber 
■topper carrying the zinc This ar- 
rangement is particularly bandy for use 
in rooms for telephones or electric bells. 
.This type will give a duty amounting 
to nearly 2 empires. A smaller type of 
■05m. diameter is fully capable of 
several years' electria bell work. 
Fig. 87 shows agotlier type of her- 
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lalande-Chiperoa baflcry. 

les as theBunsea and bichromate 
ies, viz.: — Charging accumulators, 
ig houses, electro-plating, iaduc- 
lils, Sic. The arrangement of this 



very similar 
The oiide 



It of t! 






larly spread over the bottom of the jar ; 
the zinc D, consisting of a long plate 
rolled in spiral form to offer a large 
surface, is suspended from an ebonite 
cover G, fitted on to the month of 
the jar by means of screws, as 
shown, and having a rubber washer to 
secure the joint. These large elements 
have the same charge ns large trough 
cells, viz., 2 kilo, potash and ■S kilo, 
oxide of copper, and can be used instead 
of them for all purposes. They are 
cBpsble of a considerable smoant of 
work. For instance, a trough battery 
has kept an Edison S-candle lamp alight 
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for more thiii 300 faoun. Bf using S 
elenieDti on* cita carry on nickel- 
plating work during seaTlj 2 mniitlu 
at the ™te of 7 honn p«r day, whith 
reqairea 3 Bunstn olemanta. The latter 
require to be remonnUd ereij 2 dttya, 



(he Buppott of the depolariaiDi; materiel 
is of copper, B sipbU qnantity of the 
latter is ditaolred, girJDg a bln'e colonr 
to the liquid. The copper obtained by 
the reduction of the oxide, however, & 
not diaaolved. B; empkijlng iron or 
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Theaa 



e the I 



able property of being able 
out poUriBation a duty of far highe 
force than correspond lug ncn-metalli 
combinations; it seems that the eurfac 
of the iron muaf bo charged will 
occluded hydrogen, which is cBnie> 
gradually as far as the oiiJe of coppei 
and thaa assiata the depolariaing actio 



It r. 



deeign tome practical 
reversiDie oacceriea, having a large and 
small dntf. When an oiide of copper 
battery ia eihnnsted, and a snitable 
current ia made to traverse it, the 
oxygen at the poaitive pole is wholly 
BUOTb«d by the reduced copper ; but if 



cast-iron aa a support (his attacking 
and dissolution of the copper ia avoided, 
provided that the oxide used has been 
free at the outset from metallic copper. 
The great difficulty lies in (he deposi- 
tion of liac. Thia metal ia precipitated 
in a form which ia not sufficiently 
coherent, particularly when it ia re- 
quired to have moderate thickDesses. 
Thia difficulty may be avoided either by 
precipitating the liac on a very largo 
surface of brass or amalgam.ited copper 



«), 



by p 



intal surface of amalgamated 
brasa, covered with an excess of mercury 
and furnished with depressions for this 
metal to lod^e in. The under part of 
this support is further covered with aji 
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insulator. The zinc can then only 
arrange itself on the surface, and as- it 
immediately amalgamates, the deposit 
becomes coherent, and can, without 
loss, furnish a fresh amount of current 
by its dissolution. 

Moist — Imprimis, it should always 
be borne in mind that the circulation 
of the liquid is of fundamental import- 
ance in electro-chemical generators, so 
that all so-called " dry " (really moist) 
batteries necessarily fail in a most 
essential particular, and are even con- 
ceptually faulty: it is, therefore, 
clearly out of the question that a 
*' dry " battery of a certain composition 
should ever be as efficient as a << wet " 
battery of the same composftion, and 
the employment of a " dry ** battery 
can only be excused on the plea of con- 
renience in handling — a plea that avails 
but in a few instances. , £yen if the 
operations of gilding and plating could 
at all be conducted satisfactorily by 
the employment of ** dry " cells, there 
would be no reason whatever for pre- 
ferring them to ordinary cells; as a 
matter of fact, however, a " dry " cell 
is comparatively useless for such a 
purpose. It will undoubtedly ring a 
bell, and if large enough and ro.oist 
enough it may do so^for a long time ; it 
will also plate, but no one, except 
perhaps the "dry battery" manufac- 
turer, has found an advantage in having 
-plating cells dry. The current of a 
dry cell is, moreover, very inconstant, 
and the internal resistance is high. 
(H. G. L.) Being simple and con- 
venient, they naturally recommend 
themselves to the inexperienced amateur 
who will not think for hinaself. Such 
batteries only act as long as their 
packing is moist and chemical action 
possible. That action does not last 
long, because ihe new prdduct which 
results from the oxidation of the zinc 
being practically a solid, cannot fall 
to the bottom by its higher specific 
gravity, as it does in the liquid cell ; it 
remains where it is formed, and shields 
the zinc against the further action of 
the packing., inventors pretend that 
the waste product? are absorbed and 



new moisture regenerated. That is 
impossible in a dry cell. The zinc 
cylinders of these cells offering a large 
surface, the chemical action must go on 
for some short time before all the mois- 
ture is neutralised; so long a current 
will flow. Still, the non-removal of 
the waste product must speedily prove 
fatal to every dry cell. 

Regeneration can be effected in 
different ways: by passing a current 
through them and making them a sort 
of accumulator, or by diluting a solu- 
tion. But who will undertake that 
trouble, when the ordinary Leclanch^ 
which costs not half as much, does all 
the work for more than a year without 
any regeneration ? True it is, that 
competition has brought the price ot 
the latter cells so low that it scarcely 
pays to make them well, and that they 
often fail on that account. Respectable 
houses will always sell a proper article, 
because they know how to, and it costs 
no more to make. There are occasions 
when dry cells are vecy suitable. When 
you go out testing or bell-hanging, it is 
moi*e convenient to carry a small dry 
cell than a liquid one, and even so with 
the medical electrician. In such cases 
lasting time is not of much importance. 

(A. C.) 

I made up a dry battery which was 
in use 6 months for bell ringing ; and 
althoughof small size and very simple, 
it is equal to two Leclanch^ cells. I 
cast a slab of plaster of Paris with a 
little oxide of zinc with it, mixing it 
with water as thin as I could for it to 
set well, and when thoroughly set I 
dried it in an oven ; when dry I soaked 
it in a strong solution of chloride of 
zinc; and mixing a spoonful more of 
plaster with the same solution, I 
spread it over one side of the slab, and 
pressed a zinc plate on it before it was 
set. Then I did the same on the other 
side, and put on a plate of lithanode, of 
course leaving one end of each projecting 
for binding screws. Afterwards I rolled 
paraffined paper round the whole, and 
tied it up tight with string. Its sim- 
plicity, cheapness, and portability leave 
nothine to be desired as far as bell work 

1,2 
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goes, and I think it would be nseftil for 
oontinuonsHiurrent work. (A. L.) 

JRadiguet*8, — ^Batteries with two li- 
qtdds, that is to say, with bichromate 
and carbon, with acidulated water in 
the external vessel and zinc in the 



88. 




Badignet's ^liquid battery. 

porons one, have the great advantage of 
much diminishing local action, and con- 
sequently the wear of the zinc. The 
internal resistance of the pile is in- 
creased by reason of the presence of the 
porous vessel, and so this kind of battery 
permits of lighting but one lamp at once 
per battery. 

One of the best known models is the 
8 element battery of Radiguet (Fig. 88). 
In this battery it is necessary to change 
the acidulated water of the porous 
vessel several times before the bichro- 
mate solution is exhausted : but if par- 
ticular precaution be taken in amalga- 
mation of the zinc, it will be possible 
to leave the latter continually immersed 
in the acidulated water without any 



appreciable wear taking place in open 
circuit. Consequently, the battery is 
constantly ready to furnish light 
through the simple closing of a com- 
mutator. But, it is necessary to assure 
as complete amalgamation of the zincs 
as possible in order to prevent 
wear in open circuit. 

In order to fulfil this condi- 
tion, Radiguet in the first place 
devised the ari'angement shown 
in Fig. 88. The lower part of 
the zinc dips into a cup con- 
taining mercury, which gradu- 
ally rises on the surface of the 
zinc and prevents local action. 
Owing to this simple precaution, 
the zincs are capable of re- 
maining . permanently in the 
acidulated water, thus permit- 
ting practically of having light 
at any moment whatever. The 
keeping of this system in order 
is therefore reduced to the re- 
newal of the acidulated water 
every week or fortnight, accord- 
ing to the service required of 
the battery, and to the renewal 
of the depolariser every 4 or 5 
weeks. 

In order to render this system 
still more convenient and prac- 
tical, Radiguet has devised some 
new apparatus, which do away 
with the replacing of the zinc 
electrodes and the dismounting 
of the batteries, by adapting a special 
negative electrode and using a siphon, 
which is primed and unprimed by blow- 
ing, for the changing of the liquids. The 
ordinary siphons are primed by suction. 
This method, which is dangerous in the 
handling of acid liquids, has prevented 
its application to the manoeuvring of 
batteries of large discharge. The Radi- 
guet siphon (Figs. 89, 90), 4>ermits of 
blowing with the mouth (without any 
fear of the liquids rising to the lips), or 
of employing blowing apparatus, such 
as rubber bulbs, &c., which, never being 
in contact with the corrosive liquids, 
last indefinitely. Fig. 89 represents a 
section of this siphon dipping into a 
vessel from which it |s desired to re- 



mors the liquid. ~ It cmuiatB essentially 
of tvo concentric tubei. One branch of 
the aiphon is enclosed in > tutie B of 
larger diameter, having at its lower 
part an orifice, smaller than the section 
of the tube A. At ita upper part, it is 
provided with an ajutage D, connected 
with the bnlb F, through a Seiible tube 
E. When B ia ijnmened in any liquid, 
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It is easy to lee that the apparatus 
ias,y serre for tlie complete or partial 
emptying of a vessel of any depth by 
causing the length of the tube and 
branch A to vary. If, when the siphon 










volume of air greater 
than the capacity of the large tube B. 
Tba air, forced throngh the tnbe A, 




the level in the tubea B and A ia the 
same as in the Teasel. Things being In 
this state, if the tnbe B be blown into, 
the preuure abruptly increases, and the 
liquid tends to escape through two 
apertures — the lower orifice of B and 
the branch A of the siphon, into which 
it ia forced until the flow through A 
(that is, the priming) takes place. 



, then, that 



drives out the liquid an 
aiphon. It will be a 
through the aa 
Bible St any moment to effect a Sow or 
stoppage of a liquid, as convenieDtly as 
by the use of acock, without having 
to touch the liquid, and whatever be 
the form and location of the vessel con- 
taining it. By means of this apparatus. 



IfiO JSLBOi 

it is poBubU, nithoat dUtnrbiag a 
battery of Met or Kccnrout>ton, to 
emptj anj slement and wash it aa care- 
fully H3 may be desired. 

Bat the most original part of this new 
■tjle of bichromate battery i> un- 
doubtedly the amalgamating eupport, 
for, u its name indicates, it permits not 
only of keepiDg np the amalgamation of 
the zincs, bat also of using (instead of 
pistes and cjUnders of zinc of deter- 
minate size) aharings, scrap of all shapes, 
or spheres prepared especiallj for this. 
purpose. 

This electrode Is formed ai folloira 
(fig. SI). latoacupof porcelaiD, or of 



contaiDS apertares that permit of the 
free drcuIatioD of the liquid. Its 
diameter is greater thauthstof the cup, 
•0 that the sulphate of zinc may not 
fall upon the surface of the mercnrj 
andfiaalljpat aa end to the unalgama- 

In Fig. 92 the mercary cap is con- 
nected with the central rod tbrough 
two strips of copper containing aper- 
tures into which passes a pio that 
lllcewise traverses the porcelain cup. In 
this way, all the parts of the electrodes 
are mechanically connected with each 
Other and electoicallj with the mer- 




tnj other sabstance not attacked by 
odd, there is put some mercury con- 
taining traces of xino Above this cup 
is placed a copper receptacle iiied to a 
hollow rod of the same metal, This is 
designed to receive fragments of zinc of 
variable form and size. The central rod 
constitutes the negative electrode, and 



■ : The mercury w 
the copper and zinc, and rapidly cover 
them with a layer of mercury, which 
will soon protect them from the action 
of the acidulated water. If the dixait 
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of the battery be closed, and it be made 
to discharge a current of normal inten- 
sity, the amalgamation will proceed 
during the operation. If the battery 
be made to discharge a very intense 
current, the mercury will soon dis- 
appear from the surface of the zinc ; 
when the battery ceases to discharge, 
the mercury will ascend the surface of 
the electrode again and protect it against 
the action of the acid. 

From the following experiment, due 
to Prof. Daniel, it is possible to give an 
explanation of these phenomena, which 
have hitherto been attributed to capil- 
lary phenomena not well understood. 

If, in a tube containing acidulated 
water, we place a drop of mercury, and 
through the tube pass a current of a 
certain intensity, the mercury will 
move along the tube in the direction of 
the current. There is a carriage of the 
mercury under the mechanical action 
produced by the current, and the velo- 
city of the mercury's motion is so much 
the greater in proportion as the current 
is intenser. 

Analogous phenomena must take 
place in Radiguet's battery. In con- 
sequence of the attack on the zinc, and 
of the currents produced within the 
battery, a transfer of the mercury 
takes place. But, as the pellicle of 
mercnry that has formed protects from 
chemical action the metal upon which 
it has deposited, the reactions can con- 
tinue to occur only in the parts not yet 
amalgamated; consequently, the me- 
chanical effects of the intesnal cuiTents 
of .the battery cause the mercury to 
rise progressively to the surface of the 
liquid, that is to say, until the negative 
electrode is completely protected by 
the mercury from the attack of the 
acidulated water. 

Upon the whole, in this element, the 
internal currents, when any are pro- 
duced, are utilised in the amalgamation 
of the zincs attacked, and that, too, the 
more quickly in proportion as the reac- 
tion is more energetic. Despite those 
important improvements, direct lighting 
by batteries with two liquids is not yet 
perfect. As it is possible to supply but 



one incandescent lamp per battery, thje 
applications are necessarily limited to 
small spaces. Nevertheless, the im- 
provements pointed out are interesting, 
for it is not very probable that, in the 
future, mechanical energy will be cap- 
able of being utilised for the lighting 
of a< single lamp, and this application, 
modest as it is, justifies the use of 
direct lighting by batteries. More- 
over, the combined use of the amalgamat- 
ing support and of the siphon primer 
by blowing allows of the batteries 
being left mounted for a relatively long 
time, without appreciable wear in open 
circuit. The maintenance is very easy, 
since it suffices to throw zinc scrap into 
the vessel from time to time, in measure 
as it is consumed, just as we throw 
coal into a store, care only being taken 
to stir the upper fragments and to brush 
them, now and then, with a hair pencil 
(like the pencils used by artists) in 
order to clean the surfaces of contact, 
(/Sbt. Am. Sup,) 

JRenard, — Renard batteries belong to 
the chromic depolarising class, in which 
free chromic acid and hydrochloric acid, 
more or less diluted or mixed with 
sulphuric acid, are used. Each element 
consists of a cylindrical ebonite tube, a 
platinised silver electrode 1mm. thick, 
rolled into the form of a tube, and a 
non-amalgamated zinc cylinder of a 
diameter about 4 that of the vessel. 
The complete substitution of hydro- 
chloric for sulphuric acid has permitted 
of quintupling the specific power of the 
element. On making but a partial sub- 
stitution of hydrochloric for sulphuric 
acid, we obtain attenuated liquids that 
give the same quantity of total electric 
energy, but with a specific discharge so 
much the smaller in proportion as the 
attenuation is higher. 

The liquid may be prepared ^ith 
pure or crystallised or with commercial 
chromic acid. As the non-attenuated 
liquid is unstable and disengages chlo- 
rine, even at the ordinary temperature, 
it is prudent not to make the mixture 
until two days before it is to be used. 
Mixtures attenuated to 80 per cent, are 
more stable, and can be prepared 2-3 
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months previoas to use. All the 
liquids are prepared by mixing three 
elementary liquids in yariable propor- 
tions. Liquid A is a solution of chromic 
acid containing, per litre, 530 c.c. 
chromic acid and 770 c.c. soft water. 
Liquid BCl is a solution of commercial 
hydrochloric acid made to indicate 18° 
B. Liquid BS is an aqueous solution 
of commercial sulphuric acid marking 
29^^. B (density 1 * 2515). It is obtained 
by mixing 450 grm. of sulphuric acid of 
66° B. with 800 c.c. water. The mix- 
ture of the two latter liquors forms an 
intermediate liquid called sulpho-hydro- 
chloric, which is so much the richer in 
BCl liquid in proportion as one desires 
to obtain a greater specific power. The 
letter B, followed by an index, desig« 
nates a mixture of the two last liquids 
containing 1 per cent, in volume of 
sulphuric solution shown by the index. 
Thus, for example the liquid B 80 
contains 80 volumes of liquid BS and 20 
of liquid BCl. The figure 80 bears the 
name of degree of attenuation. The 
liquid used in the battery consists of 
equal volumes of the liquid A and a 
mixture of the two others. 

Whatever be the degree of attenua- 
tion, the electric energy obtained per 
litre of liquid is sensibly the same. It 
varies between 50 and 60 watts-hour 
per litre. The duration of the dis- 
charge is more or less prolonged, ac- 
cording to the degree of attenuation. 
This attenuation may be obtained with 
other products, sulphate of soda, for 
example ; but the specific energy is thus 
reduced. On arresting the discharge at 
the moment in which the intensity of 
the current falls to one-half of the 
maximum is obtained from 180,000 to 
196,000 joules per litre of liquid, and 
144,000 to 158,000 joules per Icilo. On 
endeavouring to increase the total 
electric energy, Renard has devised a 
liquid that gives as many as 253,000 
joules per litre, which would reduce 
the necessary volume of liquid to 14*5 
litres per kilowatt-hour. But as this 
liquid contains 100 grm. CrO, and 200 
C.C. per litre, it has the drawback of 
being very dear and slightly viscid, and 



of making the zincs sticky. Practically, 
the best liquid is that which contains 
200 c.c. HCf and 60 c.c. CrO,. 

The battery generally has the form 
of a cylinder of a length 10 times its 
diameter. . This form has the advan- 
tage of facilitating the cooling of the 
liquid, of diminishing the internal re- 
sistance, and of rendering the upsetting 
of the liquid more difficult. In the 
light batteries the reservoirs are of 
ebonite ; in the stationary ones they are 
of glass or porcelain. 

In the pneumatic battery, designed . 
for lighting (Fig. 93), the elementary 
vessels A are sealed to the cover of a 
large, tight vessel H, and the lower 
part contains an orifice of small 
diameter. Upon forcing air into the 
large vessel or collector by means of a 
rubber bulb d, or of a pump, the liquid is 
made to rbe in all the elements at once. 
A cock permits of regulating the im- 
mersion of the elements, and conse- 
quently, the internal resistance of the 
current. This arrangement is adapted 
to attenuated liquids only; with the 
normal liquid, the cooling would not 
proceed quickly enough. The vessel L 
and the bulb d serve to fill and empty 
the battery. The positive electrode of 
the light batteries (Fig. 94) is formed of 
a tube of platinised silver 1mm. thick. 
The weight of the platinum on the two 
surfaces is about -^ that of the silver, 
and its thickness is about ^^mm. The 
use of platinised silver greatly reduces 
the weight, the volume, and the in- 
ternal resistance of the elements. On 
account of the high price of these elec- 
trodes, carbon is substituted for them 
in the batteries in which . attenuated 
liquids are employed and in which 
lightness does not play an essential rdte. 
In order to facilitate the free circula- 
tion of the liquid, and to exhaust all 
the supply contained in the cylindrical 
vessel, the tube is split throughout its 
entire length to a width of a few mm. 

The negative electrode consists of a 
cylinder of zinc or non-amalgamated 
zinc wire, whose diameter is about 
Yh%Tf ^^^^ 0^ ^^^ vessel, and is calcu- 
lated to serve but once. This is guided 



and held in the centrs of the pUtmlaed 
lilvar tuht by severs! diica of ebonite. 
Experience baa dernoiutcated that in 
cblorochromic liquidt, ordinary line ia 
not eo readily aUacked na iimalgaiD- 
*tcd lluo, u aooii as the proportion of 



batter; by no meaaa proenti the char- 
acters of a perfect one. The variations 
in the temperatnre of the liqnid, ilJ 
alteration, and the diminution in dia- 
meter of the line daring the discharge 
act BO as to modify the coiutaoti of tha 




chromic acid exceeds 180 gxm. pel Co. 
of iolotion A. The amalgamation is 
coMly, andrenden the zinc brittle, and 
ita snppresaion permits of the use of 
lead Id the pneumatic batteries. This 
could not be done with amalgamated 
line, for the drops of mercnry, flowing 
acddentallv over the lead, would aoon 
perforate tlie enveJope. 

The discharge of a cblorocbromic 



elements at every instant. Ou another 
hand, the liquid of the baltery eierti 
an important local chemical action 
entirely independent of the electric 
and in auch proporti " ' 



alwi 



re the: 



from the liquid when the battery ia not 
In service. 

If it is deured to eihaast the battery 
in a Tery abort time, the local action. 
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which ii proporUanil to the time, will 
biva ■ Terf slight ioflaoiM, hut the 
electrical rendeiiag will ba feebls, u 
the difference of potential at the lenni- 
naU a low when the battery ie giving a 
large discharge npoD a circuit with 



pnkatial ii I'SO to 1*25 toH per «!«• 
ment, whatever be the temperature apd 
tha degree of attenuation of the liquids. 
Tbii normal potential correapondi to 
a Donual current whkhdmwAeniei tha 
element. This normal current is itself 




power of no waits i 



hardly any resistance. If, on the con- 
trarj, the discharge Is sniall, the elec- 
tric rendering will be excellent, bat the 
local action will then become prepon- 
derant, and will diminish the total 
rendering. It will be understood that 
between tbeie two extremes there b a 
certain discbarge which corresponds to 
the maiimum rendering. Eiperienee 
has demnnstrated that such rendering 
1 when the diHerenca of 



a fonction of the temperature. Thna, 
for a variation of 20° C, the intensity 
pasaea from 1 lo 1 ' 6 for the non-attenu- 
ated liquid, and fi;om I to 1 ■ 4 for the 
liquid attenuated to 80 per cent. Ss it 
is eipedient to modify the degree of 
attenuation of a liquid with the tern- 
paratnre of the season. A tiqoid at- 
tennated to 80 per cent., which ia excel- 
lent during the summer, shoald be 
repUced by a 50 per cent, liquid . for 
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winter, when the battery is to be used 
for electric lightiag. 

In the discharge of a battery of 24 
elements in tension, containing in all 
6 * 3 litres of liquid attenuated to 80 per 
cent, and discharged npon three Swan 
lamps of 27 volts, and of 1*25 to 1*30 
amp^e, mounted in derivation, the 
power, after a very marked syncope, at 
first increases regularly for an hour and 
a half, and afterwards slowly decreases. 
At the end of 2^ hours the electric 
power disposable is insufficient to supply 
the three lamps. It afterwards falls 
very rapidly. 

Taking, fbr a basis, the duration of 
2.^ hours, the total electric energy pro- 
duced represents 547 watts-hour — say, 
35 watts-hour per litre. We can de- 
pend in practice upon 50 watts-hours per 
litre — say, 20 litres per kilowatt-hour. 
Upon constructing the different parts 
of the battery with care, it is possible 
to produce apparatus that weigh but 
86 lb. per electric horse hour — say 
88 lb. per kilowatt-hour, zincs included. 
By forcing the proportion of chromic 
acid, it has even been possible to 
obtain one horse hour for 55 lb. — say 
one kilowatt-hour for 70 lb. With this 
rich liquid, a group of 12 elements, 
mounted by twos in tension and by 
sixes in derivation, weighed 22 lb. along 
with the frame. Each of these groups 
was capable of discharging 22 kilo- 
grammetres (220 watts) per second at 
the end of 30 minutes' operation — say 
22 watts per kilogrammetre. Taking 
into account the performance of the 
motor, it requires four such groups, 
weighing 88 lb. altogether, to produce 
an effective power of one horse (736 
watts) disposable upon the shaft. By 
reducing the dimensions of the elements, 
Renard has succeeded in constructing a 
battery of 36 elements, 20 mm. dia- 
meter, weighing 11 lb., and yielding as 
much as 1*5 horse for 20-25 minutes, 
say 22 lb per electric horse, and 55- 
66 lb. per horse hour. 

These figures establish the fact that 
chromochloric batteries are the highest 
generators of electric energy now 
known* Despite the high price of the 



products used in them, they are capable^ 
of finding an application in all cases' 
where lightness constitutes the main 
desideratum. 

Selby's. — In seeking for a form of cell 
by which the expense and internal re- 
sistance of porous pots could be avoided, 
I arrived at a stoneware jar containing 
the usual bichromate solution plus sul- 
phuric acid, a piece of thin platinum 
wire clothed with pure black rubber, 
and a •{'in. tube cemented to the wire 
at 1 in. from the bottom. The square 
inch of wire was then made into a flat 
spiral capable of picking up a small 
quantity of mercury (Fig. 95), the 
rubber tube being simply for insulation, 
so that the platinum should not affect 
the result. On plunging this into the 
jar of solution, a good current was 
produced for a short time ; when with- 
drawn for examination, it was found 
that part of the mercury still adhered 
to the platinum wire, although action 
had ceased; a fresh dip of mercury 
restored the effect. On investigation I 
fouhd that the mercury had been used 
with zinc, and was in fact an amalgam. 
The absence of zinc meant absence of 
effect. On this result a simple and 
effective cell was formed (Fig. 96). A 
small jar (2 oz. liebig's extract of meat 
jar) was divided off by a glasa partition 
cemented in with bicycle tire cement 
(more expensive than Chatterton's, but 
much stronger for grooveless parti- 
tions, jointing parchment paper cells 
for Leclanch^, rubber, gutta-percha, 
shellac, and bitumen) reaching nearly 
to the bottom of jar; mercury is then 
poured in (dotted in Fig. 96) to form n 
" sealed joint *' to separate the fluids ; 
carbon on the one side of the partition 
(but suspended so as not to touch the 
sarfaoe of the mercury) in bichromate 
potash sulphuric actd solution, and on 
the other side zinc standing in the 
mercury in j^ain water to assist in 
counterbalancing the bichromate fluid 
on the other side, so as to require less 
mercury to make a safe joint. Of 
course the jar is represented wider 
than is really the case, so as to prevent 
confusion in the sketch. I was led 



to thii form by maoy circumstHncei, I bstttry jsr. Mercury U then pound 
Among others by the peculiar way ia iu to form a " water joint," a paraffin 
which B line in bichromate battery | lamp chkuuey with a "crinkled" top 




was "anJernuned' vhere t »aa out- 
wardly protected by a cement wh ch 
resisted the action of the d lute acid 
■olution in the porous pot 

For cheapness and handiDeaB glass 
tufflbleni or drinking glaaeei with what 
■re known as Mull bottom) (Fig. 9T) 
would make up very handy cells tor 
eiperimentBl purposes. 

Farther eiperimenlA led to a " thictle 
tnba " of glass arrangement, the tube 
(¥]g. 98) being bent in a gas flame as 
shown, mercury placed therein, and 
copper wire being passed down the 
stem into the mercury. This is simply 
placed in a jar of solution containing 
the carbon, but the mercury must 
receive occasional replenishments of 
amall pieces of eheet zinc, which readily 
dissolre in it. The thistle tube is con- 
venient for lining in and out, and it 
can be lashed to a spring clothes peg 
clipped on the top of the jar. 

Bat for permanent use a small 
shallow pot of earthenware (snch as 
Keedham s metal polish is sold in — Fig. 
99) has a round linc rod cemented in 
Hrmly, so as to form a means of lifting 
in a complete state out of the outer 




<Fig. 99) is then Inverted and passed 



fluid (bichr. potass + ae, snlph,, nsoal 
solution), in wliicii stands the carbon. 

This VBter remsins purely free from 
anj additv for months, and by cartful 
teats I find that the addition of sul- 
phuric acid simply weskens the battery 




In the "porous pot form" the acid 
seems quite necessary to lower the 
tesistance of the £aid, but here it ia 
different. Of course a preferable form 
to BToid risk of cement giring way 
would be to make the glass and the 
diah in one (in glass), vrith piercings to 
«iBure the continuity of the body of 
mercury in contact with the sincand 
the bichronn. ac. flnid. 

The thistle tube cirrangement I do 
not like, owing to banng to supply the 
zinc, and the jnrface of mercury is too 
small, but the other arrangements I 
hare tested for six months Buccessfully. 
(EUc. SmieiB'). 

Sdmium, — Fritta and Hopkinson 
hare derised a new process for mana- 
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facturing very sensitiTe aelenium ele- 
ments in which the entire mass is 
influenced by light. This nsnlt is 
obtained by a preparation of the 
seleniniQ itself, and the constmctioD of 
elements who^e sides are made of a 
material that conducts bocli electricity 
and light well. Several thin eheet« of 
reheated seleninm are enclosed between 
these sides, and it results therefrom 
that the current trareises the seleninm 
in the direction of the light that strikes 
it', and it appears that, owing to this 
arrangement, the cbsngea in resistance 
caused by the light (or, in other words, 
the property that seleninm possesses of 
regulating light) become much de- 
veloped. 

The selenium is selected in as pnre a 
state as possible, and is formed into 
sheets that are placed between blocks 
of & material to which it does not 
adhere. The selenium is softened by 
heat, so as to render it as thin as is 
judged necessan-, and the sheets are 
afterward cooled under pressure. Tiro 
thin sheets of mica are Inlroduced be- 
tween the selenium and the blocks, so 
fls to facilitate the separation of the 
sheets of selenium and the blocks form- 
ing the mould. When it is desired to 
have sheels very sensitiTe to the light, 
it is necessary to make them so thin 
that they appear, before reheating, of a 
blood-red colour when they are looked 
at Bgsinst the light. 

Fig. 100 shows the press employed 
for aoftening the seleninm plates by this 
process. It consists of a heating box a, 
with a door a', and a strong shelf fr, 
provided with a groove in which slides 
the piece h'. A screw e serves to eiert 
pressure, and </ represents a support 
which passes along the sides of the box 
and over the shelf 6. A gas flame d 
furnishes the heat, and a thermometer 
d' shows the temperature. The appar- 
atus is completed by a certain quantity 
of scrap iron, which eqnallses the tem- 
perature under the pressure plates 6*, 
b'. These latter are placed upon a 
movable piece b', and their position is 
so regulated as to make their centres 
coincide with the^aiis of the screw c, 
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which then e»erti an eqnal preMore. 
B; this proccsa the leleninm in 
Boft«n«d and coorertsd into iheeta of 
th< desired thlckneu. In order to make 
elements af these iheeti, one of them is 
Jiied (Fig. 101) in the centre of a rubber 
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' trirea are stretched between the me- 
tallic mpportsff. Uoreover, moyabla 

, thutteie *re aometimea placed npoD 
the glass sides of the element, so that 
the light that strikes them ma; be 
regnlated. 




fVune », proTitled Jon each side with 
metallic Eopporti//, and the sheet is 
insuUted from the latter by bands of a 
proper material. On each ride ■■ s 
glass cover g g", fited to the mbber 
frame » by cement. The supports / are 
connected with the wires /, /, and 
communicate thereby with the pile or 
the eircnit of the electric current. The 
two sides of the sheet of lelenium dip 
into ■ transparent conducting liqnid, 
which is poured into the elements by 
means of tubes « e', that likewise 
eerve for the eiit of the gaiea formed 
through the electrolysis of the liquid. 
The light trarersea the liquid and falls 
Qpon the seleninm plate of the element, 
and the current reaches the plate by 
the same ronte. Sometimes wires 
placed at equal distances are made to 
paiB through the liquid, in order to 
secure an equal distribution of the 
corrent in the liquid electrode. These 



Instead of a liquid conductor, aheet 
platinum, gold, or ailrer ia aometimes 
used aa the electrode of the seleninm, 
but this must be tbin enough to allow 
the light to pass through it. Gcldleaf 
answers very well, and, when used, is 
first wetted with alcohol, and the 
selenium is then placed over it, and 
afterward rerersed bo that the gold shall 
be on top. The goldleaf ia then spread 
amoothly by blowing over ita surface. 
Aftei- the gold has been eonnected with 
the circuit, it ia covered with glaaa ors 
transparent ramiah, in order to fix it in 
place and protect it against accident. 

Fig. 103 repreients a dry element of 
this kind that has given very good 
results. SB repreaeota the leleninm 
between a metallic plate h and a piece 
of goldleaf I, to which a wire j of the 
circuit ia attached. The current in 
this case passes from the entire snrface 
of the goldleaf to the lower plate, >n4 
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traverses all parts of the sheet of 
seleniam. This latter is entirely 
ejposed to the action of the light that 

102. 




SeleniniQ. element 

ti^verses the goldleaf. (Za Lumiere 
Electriqae.) 

Skrvoanof,~-'tii\M is simplj a chloride 
of silver cell, with caustic potash instead 
of chloride of zinc. Two of the cells, 
contained in ehonite cases buckled to 
the belt of the performer, keep a star 
light going, and the light is readily con- 
trolled by the wearer. Each cell 
consists of a zinc plate bent into the 
form of a y, and holding in its inside a 
plate of silver coated with chloride of 
silver. The zinc plate forms one pole 
of the cell and the silver the other. A 
solution of caustic potash — 75 parts 
potash to 100 water — is poured in, and 
as a porous diaphragm, the chloride of 
silver is covered with parchment paper. 
The vessel is of ebonite, with closed 
mouth, which, however, is opened when 
fresh liquid has to be put into the cell. 
This is necessary after every hour's run, 
and the chloride of silver has to be re- 
placed after 3-4 hours* use. The cell 
U thus expensive ; but this is of minor 
importance in theatrical work as com- 
pared with its small size and weight — 
3} oz. 

iS/oaiw**.— This battery. Fig. 103, is a 
very efficient and simple foiin for open 
or closed circuit work. It represents a 
favourite and recent type for such cells, 
and can be put together with the 
minimum number of tools and appli- 
ances. The cover is made of wood. If 
a circular vessel is used, the cover 
should be cut in a circle equal in dia- 
meter to the outside of the jar, and a 



shoulder' should be formed to hold it in 
place and prevent lateral motion. Any 
number of holes, according to the size, 
are bored through it, one set for 
the reception of the carbons and 
the others for the zincs. Care 
should be taken to bore these holes 
truly vertical to the plane of the 
cover, and the bit used should make 
a hole of exactly the right size to 
fit the carbon and zincs respec- 
tively. The fit must be a very 
tight one, so that the rods have to 
be driven into their places with 
a mallet or hammer. 

For the positive elements, zinc 
rods, such as sold for the Leclanch^ bat- 
tery, are used. Such rods can be bought 
6-8 ft. long and of uniform diameter. 
Pieces are cut off of the proper length, a 
cold chisel, hack saw, or file being used. 
A very easy way of dividing the rod is 
with mercury. A fine groove is filed 
around it. A globule of mercury is 
placed in a saucer with a little dilute 
sulphuric acid. A thin slip of zinc, or a 
strip of galvanised iron, is dipped in the 
mercury. Some adheres to it. This is 
then drawn around the cut, so as to fill 
it with mercury and amalgam. Then 
the rod is broken off, either in the hand 
or in a vice. It becomes almost as 
brittle as a pipe stem. This process is 
hardly to be recommended for the upper 
ends of the zincs. These have to be 
soldered, and the mercury interferes 
with the operation to some extent. 

For negative elements, electric light 
carbons are used. The copper is dis- 
solved off by nitric acid, they are washed, 
dried, cut to the proper length by a saw 
or cold chisel, and their upper ends are 
soaked in hot paraffin. 

Both elements are now driven into 
their respective places. With each car- 
bon a slip of copper {in. wide is also 
introduced, and lies alongside, pressed 
hard against it and projecting about as 
much below the cover. As shown, a 
wire is carried around the outer circle 
of the carbons, and ic soldered to the 
copper strips. If a central carbon has 
been used, a special connection is 
soldered to it and to the main wire. 
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Tha end of the wire is carried op | aulpharie uiid. After a few minntei* 
tfarongb a hole in the cnrer. A Mcond immenioD, the zinc will be rcadjr to 
wire i> loldered to the linn, thia piece { Hmalgsmate, and the rods will aUne 
IfiDg OB the npper lurface of the cover. [ like lilrer after a few minatea' nibbing 
CoBcentroted hydrochloric acid it the with the galvanisid iron and mercory. 
twit flu for the zincs. If duired, the j The aoldering xatj of oonrae be die- 




Eln^ anld battnr. 



projecting end of the linc connection 
may be lecared to the wood by n staple. 
Thla is not necnsarf if the aoldering is 

To amalgnmate the zinca, it strip of 
galranised iron is fnr the best instrii- 
nunt. The end of such a piece, which 
ma; bt 2 in. b; } in., is bent into a 
hook, H) SB to lit the zinc rods. This 
ia dipped into the globule of mercnry 
aaitliea under a little dilute acid, and 
is rubbed up and down the rods. If 
the mercury does not take hold at once, 
th« lines and carbons may be dipped 
nearly to the level of the cover in dilate 



pensed with. Inatead ofatrips of copper, 
the ends of aome pieces of wire may be 
flattened and driven into the holes 
along with the carbons and zincs. By- 
twisting together the ends of these, 
zinc connections and copper connections 
separately, the battery will work per- 
fectlylfcare is taken to avoid short- 
circuiting. When it is made in a 
harry, for temporary use only, tha 
paraffining of tha cariboos may be dis- 
pensed with, and the copper may I>e left 
apon their upper ends. The wirei mar 
be soldered directly to thja, althongh 
anch connection is rather weak. 



ELECTBICS. 



IGl 



For bichromate solution, 2} oz. bichro- 
mate of potash in fine powder are shaken 
up in 10 fl. oz. water. To this 2^ fl. oz. 
sulphuric add are added slowly- with 
constant stirring. Great care should be 
taken in pulverising the bichromate of 
potash, as it causes ulcers if inhaled. 
For open circuit work, a solution of sal 
ammoniac may be used. The ends of 
burned-out carbons, such as are thrown 
away by the lamp attendants, answer 
perfectly for the smaller sizes of this 
battery. 

Water. — Strips of zinc and copper, 
each 2 in. wide, are soldered together 
along their edges so as to make a com- 
bined strip of a little less than 4 in. wide, 
allowing for the overlapping. It is 
then cut by shears into pieces about 
•f in. wide, each composed of half zinc 
and half copper. A plate of glass, very 
thick and 1 ft. or less square, is heated 
and coated with shellac about ^ in. 
thick. The strips of copper and zinc 
are bent into the shape of the letter U, 
with the branches about } in. apart, and 
are heated and stuck to the shellac in 
rows, the soldered portion being fixed 
in the shellac, and the two branches 
standing up in the air, so that the zinc 
of one piece comes within -^ in. of the 
copper of the next one. A row of 10 in. 
long will thus contain about 30 elements. 
The rows can be about ^ in. apart, and 
therefore in a space 10 in. square nearly 
800 elements can be placed. The plate 
is then warmed carefully so as not to 
crack, and a mixture of beeswax and 
rosin, which melts more easily than 
shellac, is then poured on the plate to 
a depth of 4 in., to hold the elements in 
place. A frame of wood is made around 
the back of the plate with a ring 
screwed to the centre, so that the whole 
can be hung up with the zinc and copper 
elements below. When required for 
use,, lower so as to dip the tips of the 
elements into a pan of water, and hang 
^P ftgain. The space between the ele- 
ments being ^ in. will hold a drop of 
water which will not evaporate for 
POMibly an hour. Thus the battery is 
in operation in a minute, and is per- 
fectly insulated by the glass ap4 
5 



cement. This is the form I have used ; 
but the strips might better be soldered 
face to face along one edge, cut up, and 
then opened. (Prof. Rowland.) 

Weymersch, — The standard size con- 
sists of a rectangular trough of ebonite 
or wood, 9-|- in. by 11 in. by 13-} in., 
divided into 6 cells by means of ebonite 
partitions. In each cell is firmly fixed 
a porous pot having a capacity of about 
1 qt., and fitted with a short ebonite 
pipe ; all these pipes are secured to an 
ebonite pipe running the full length of 
the battery, and fitted with an ebonite 
tap and a gauge-glass or level. It will 
be seen that by this means all the 
porous pots are connected together, and 
can be quickly and easily emptied, when 
the solution is exhausted, by merely 
opening the tap. In a like manner all 
the outside cells are connected together 
and fitted with a tap. The general 
arrrangement has been made with a 
view to reducing the time required for 
charging or emptying to a minimum, 
and permits of the battery being 
charged or emptied in a few minutes 
without the usual disagreeable labour 
attending these operations. 

Two stoneware barrels, each having 
a capacity of 6 gal., are placed on a 
shelf above the battery level and fitted 
with stoneware taps, to which are 
attached lengths of rubber tubing. 
One of the barrels is filled with the 
exciting liquid, 1 of sulphuric acid to 
18 of water, the other with the new 
depolariser. When it is required to 
charge the battery, the tubes are fixed 
on to the ebonite battery taps, and the 
solutions allowed to flow until they 
rise to the marked point on the levels ; 
the battery is then ready for immediate 
work. When the solutions are spent, 
the battery taps are opened and the 
solutions allowed to flow away. 

The elements are zinc and carbon; 
each cell contains two sheets of zinc 
placed in the outside cell, one on each 
side of the porous pot. The carbon 
plate is placed inside the porous pot 
with the depolariser. The carbon heads 
are well coppered and securely fixed in 
tinned brass clamps, into which solder 
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U mo, therebj making ■ perfect and 
lutin; contact, sad doing nray irith 
the conatant trouble usably gJTen bj 
carbon contact!. Thezinciare specinllj 
unalgamHted, and if the current is Dot 
allowed to exceed the maiimnm for 
which the batteiy is designed, they do 
not require reamslgainating. 

The charge of depolariBing liquid for 
the 6-cell liattery of the dimensions 
given ta 11 pints; the voltage in open 
circuit 13 Tolts, and the working 
cnrrent for the best results 15 ampires ; 
thia current ia maintained for 7 houn 
per charge. During thia tioie the 
current ia Tery nenrly conatint, rising 
for the first 2-3 hours, then remaiuing 
constant for about 3 hours, and Rually 
dropping slowly to the atarting-point ; 
these variations arc very amall. The 
total euei^ given oat per charge ia 
about 1300 watt hours, of wliich 750^ 



Two of the above batiertea will r 



impa, o 



ten 8 c.p. incandesi 

teen 5 c.p. lamps for 7 hoora, and it^ as 
indicated above, the namber of lamps is 
reduced, B furtliei run of 3-4 haura can 
be obtained. It ia specially aoitdd for 
amall iDitallatioDS, motive power for 
boats, lathes, dental machinery, be. 

BsUb. 7b rini; vrhile door ii being 
opened.— (a) Fig. 10*. A ia a spring of 
hard brass about -^ ia. thick and 1 in. 
wide, filed on to srchitrsve moulding 
of door frame; B is s similar spring 
filed on to door ; the connections ara 
ahown, C being short helix where the 
door hinges, to prevent the wire break- 
ing i D, bell ; E, battery ; F, switch to , 
cut off when not wanted. 

(fi) Fig. 105. A is a [dece of wood or 
metal screwed on to door. D is made of 
wooden bar let into the door ^me 
I at top right-hand corner, supports a 




800 watt lionra are eipended in the 
external circuit, or say, 230 watt hours 
per quart of solution. If, after the 7 
hours' work, the current ia reduced, by 
reducing the number of lamps in cir- 
cuit to about 10 amperes, a further run 
of 3-4 honra can b« obtained, giving a 
total energy per quart of depolariser of 



ring br opening door 

wooden tod E whic 



les the bttisa 

small clock aprmg bent, and then 
hardened at a right angle a hole is 
drilled (or punched) wbile soft, and the 
spring well brightaned is screwed on 
to the block ss ahown. When the door 
ia opened, A presses the spring B against 
I the screw C, and when rt' — ~ - ■ '- 
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place A presses B away from C. Thus 
the bell will only ring when door is 
being opened. The block may be 6 in. 
long, and A may be made of steel spring, 
which gives longer contact. 

Carbons. — Max Nitsche-Niesky re- 
commends the following: Good coke 
is ground and mixed with coal-tar to a 
stiff dough, and pressed into moulds 
made of iron and brass. After drying 
for a few days in a closed place, (t is 
heated in a fui*nace where it is pro- 
tected from the direct flames, and 
burned, feebly at first, then strongly, 
the fire being gradually raised to white 
heat which is maintained for 6-8 hours. 
The fire is then permitted to slowly go 
down ; when perfectly cold, the carbon 
is taken out of the furnace. (^Neu. 
Erfind.) 

The best way is to buy them ready 
cut from retort scurf; but the follow- 
ing may be useful : — ^The size of the 
carbon is the first thing to determine. 
First satisfy yourself as to the size you 
wish to make it, and when made let it 
remain so. Take, for instance, a carbon 
for use in an ordinar}* 5 by 7 Fuller or 
Bunsen battery. Make it, say, 2 by 
8^ in. Procure two pieces of sheet 
iron or brass, preferably brass, but the 
former will answer, 3 by 1 in., not 
less than -J in. thick and perfectly flat. 
Then make, or have made, from a rod 
of metal 1 in. square and about 22 in. 
long, a rectangular frame of three sides, 
whose internal dimensions will be 2 by 
10 by -J in. or thereabouts. These three 
pieces constitute the mould, and in order 
to complete it, it only remains to place 
the U-shaped frame between the two 
plates, fastening the whole flrmly to- 
gether by means of screw clamps, and 
you will have an oblong box, open at 
one end. See that the parts flt as 
closely as possible. Next pulverise in 
an iron mortar a quantity of gas-retort 
carbon or common coke, taking care to 
have a little more than is sufficient to 
fill the mould. The finer the coke 
powder the better. Place it in a glass 
or earthenware dish, and pour upon it 
a small quantity of syrup or dissolved 
sugar. Mix and knead the mass tho- 



roughly with the fingers, adding by 
degrees a little of the syrup until it 
becomes sufficiently moist to bind well 
when pressed together. Set the mould 
on end, drop in enough of the mixture 
to fill it about -I, and stamp it down 
lightly with a ^ in. rod. Continue the 
the operation until the mould is full, 
then get a piece of wood or metal nearly 
large enough to fit the mould for use as 
a rammer. Place one end in the open- 
ing, and strike it smartly with a mallet. 
The mass will be driven down about 2 
in. and tightly compressed. With a 
little water mix up some plaster of paris 
to the consistency of dough, and press 
it into the opening, having previously 
removed the rammer. Force it down, 
and continue adding the plaster till the 
end is thoroughly closed. The contents 
of the mould are now ready for the 
"carbonising" process. Make a good 
coal fire, place the mould upon it and 
expose to a red heat for an hour or 
more. Allow it to remain until the 
fire has gone out. When cold enough 
to admit of being handled by the 
fingers, remove it, .and if the experi- 
ment has been properly conducted, you 
will find the carbon complete. It is 
true that a carbon made in this way is 
not so dense as the commercial article ; 
but for ordinary battery purposes it 
will be found equal to any, and all that 
can possibly be desired. {Eng. Mech.) 
Jacquelain describes three methods of 
purifying carljon. 1. Treatment with 
dry chlorine at a high temperature. In 
this way silica, alumina, magnesia, 
alkalies, and metallic oxides are re- 
moved as volatile chlorides, and the 
combined hydrogen forms hydrochloric 
acid. The carbon should be cut into 
sticks before submitting to this process. 
The vacuities left in the carbon after 
treatment with chlorine may be filled 
up, and the mass made compact, by 
heating in a closed vessel with some 
hydrocarbon such as heavy coal oil. In 
the course of a few hours a sufficient 
deposit of carbon will have taken place. 
2. The carbon may be treated in an 
iron vessel with fused caustic soda. In 
this way aluminates and silicates are 

M 2 
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formed, and may be removed by wash- 
ing. Dilate liydrochloric acid is next 
applied to dissolve oxide of iron and 
earthy bases, and the carbon is finally 
washed with distilled water. 3. By 
immersion for 24 hours in hydrofluoric 
acid diluted with twice its weight of 
water, carbon may be efficiently puri- 
fied. The danger accompanying the 
use of hydrofluoric acid is an objection 
to this method. These three processes 
are applicable to gas-retort carbon or 
to Russian graphite. The author has 
also prepared pure graphitoidal carbon 
from heavy hydrocarbons. It is of 
excellent quality, but he is unable to 
state its relative cost. He notes that 
natural graphite from Siberia gives 
twice as bright a light when purified as 
when nsed in its natural state. 

Coxn2natators.^a) Fig. 106 re- 
presents a small, practical apparatus by 



ordinary electric bell. The mechanism 
comprises an 8-toothed ratchet wheel 
carrying 4 pins. The button itself 
carries a pin that extends to the teeth 
of the ratchet wheel. Every time the 
button is pressed, the ratchet wheel 
advances one tooth, from left to right, 
and makes -^ revolution. Under the 
button is a spiral spring that has the 
effect of pushing it out as soon as the 
pressure is removed — the ratchet wheel 
keeping the position that it has obtained. 
The 4 pins, through the revolution of 
the ratchet wheel, press in succession 
against a horizontal strip of brass, form- 
ing a spring that alternately opens and 
closes the circuit, according as one of 
the pins is or is not opposite the slightly 
curved part of the strip. Fig. 106 re- 
presents the button in the open circuit 
position. To prevent the ratchet wheel 
from moving backward, a second flat 
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Salomon's commutator. 



Salomon. It is designed to open and 
close a circuit successively by one and 
the same manoeuvre, and is particularly 
applicable to the lighting and ex- 
tinguishing of lamps or to continuous 
electric bells. It has the appearance 
and dimensions of the button of an 



spring engages with each tooth and 
holds it in place. 

(6) An elegant device has been got up 
by Grangier, of Dinard, for the purpose 
of lighting or extinguishing a lamp at a 
distance, from any number of points, 
by the sole aid of a button and two 



tvires. The principle of it ii very 



mple. It consists ii 



UBtiDg tl 



eUctro.magaet of a rflay 
bf pressing upoo one of these buttoDS. 
The motion of the armatiiTeievolves a 
ratchet wheel J revolutioii at each 
manceuTTe. This rcTolutioa is utilised 
for eS'ecting contacts throngh the aid 
of two apiinga that press against fric- 
tion rollers provided with parts that aw 
successively insalatiDg and cooducting, 
thus effecting an opening and closing of 
the eircuit connected with the two 
springs. 

Automatic. — (c) The abject of this 
apparatus, Fig. 107, alao by Salomon, 
is to penait of eSecting, in a certain 



before 



:o be woand up again, but 
id that itdejiends 



solely upon the proportioi 
paratus and the weight o! its spring. 
The apparatus eonsista of a clock-work 
movement, which, every 30 seconds, 

need be, is thrown into gear and canaea 
the revolution of an aile j, i, or J torn, 
according as 4, 6, or S series arc used. 
This rotary motion cl^anges the i 



i of t 



nal I 



cnl^ 

cs that which has just operated, 
result is very easily obtained by 
us of metallic tingers Qied spirally 




measure, a oearlj constant lighting by 
Ledanchi piles, through a method of 
automatic SDbstitution of seieral scries 
operating one after the other, and de- 
polarising themselvesduring the period 
of rest. The apparatus, when once 
wonnd up, gives 2700 commutations 



cate with the positive 
differeut batteries, the 
being connected with a 
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In order thai the commutator may 
not work while the piles are not operat- 
ing, an electro- magnet is placed beneath 
the revolving cylinder. As long as the 
lamps are out, the clock-work move- 
ment is locked; but as soon as the 
lamps are lighted, the electro-magnet 
attracts its armature, which throws the 
clock-work movement into gear, and 
the purely mechanical function of the 
commutator can then be produced. 
According to Salomon, it would require 
6 batteries of a special model to secure 
a continuous lighting of indefinite dura- 
tion, at the rate of 1 ampere, 1*5 volt 
per element, in making commutations 
every 30 seconds, thus leaving 150 
seconds of rest between two successive 
periods of work. 

Salomon's commutator, by means of 
slight modifications, may be utilised 
with advantage for an analogous service 
— that of the charging of a series of 
accumulators through a small number 
of elements (bichromate or sulphate of 
copper). The commutator should, say 
every -^ hour, make the charging pile 
pass automatically from one series to 
^he other, and thus perform, systemati- 
cally and methodically, a manoeuvre 
hitherto effected by hand, but quite 
irregularly. 

In his last arrangements of the chlo- 
rine pile. Upward uses an apparatus 
whose function is exactly the same as 
that of the one just described, but its 
high price leads us to believe that the 
Salomon arrangement, slightly modi- 
fied, would solve the problem in a 
simpler and more economical manner. 

Galvanonxeter. — ^To every worker 
in physics or electricity a good and 
reliable galvanometer is a prime neces- 
sity ; but the prices asked for such by 
instrument makers often constrain one 
to get along with some rude and im- 
perfect makeshift. But at a merely 
trifling expense, an instrument may be 
made which shall be equal in perform- 
ance to any that can be bought, and 
which requires but little mechanical 
skill on the part of the maker. 

Procure 1 ft. of 3 in. brass tubing, 
5 in. of 2} in. tubing, 6 discs of brass 



plate 3 in. diameter, and a piece of 
hardwood plank, or, better, valcan'te, 
the latter to serve as a base to e 
finished instrument. From the 3 in. 
tube saw a piece 2i in. long and nicely 
square its ends. This is for the body or 
barrel of the galvanometer. Crosswise 
of this, and midway from either end, a 
slit 2 in. long and { in. wide is next to 
be made. 

Now take the 24 in. tube, and with 
a broad half-round tile fit one end of it 
to the side of the barrel — a rather diffi- 
cult feat for a novice. When fitted it 
is to be soldered in place, immediately 
over the slit in the barrel. In this and 

108. 





Galvanometer needle. 

R, alnmluium wire ; A, mirror ; N S, mag- 
netic system ; F, silk fibre ; £ £, dragon fly 

subsequent operations of soldering the 
joints are to be " sweat " together, that 
b, the pieces are bound in place with 
wire, plumbers' acid and solder put 
around the joint, and the whole heated 
in a lamp until the solder flows into 



the joint, when it may be "wiped" 
tvith a [riece of cloth. Thus ia formed 
the itandard of th« instrument, which 
KTvel to aupport it apoD its ba<e. To 
thia end a ping of wood may be driven 
linaly into the open end of the standard, 
and ■ Urge aciew paawd up through 
the baie into it, thns binding the two 
together. The baae may be turned or 
Gnuhtd in any form to auit the taate of 
the maker, and it should be proTJded 
with -3 lerelliag Krewa threaded 
through the base itaelf or through 
projecting aima of brass. 

At the central point of the top of the 
barrel drill ■ email hole, and over the 
bole solder a brass ferrale for holding a 
gUaa tube, which lost ia to canrjr the 
auapenalon arraugemeot. Now take 
your piece of 3 in. tuhiug again and 
aaw from it two ringa, each J in. wide. 
After amoothing the enda of these, slit 
them open and take out a amsU portion, 
so that thej ma; just be sprung into 
the barrel While in thia position, with 
a little projecting, one of the diacs is to 
be laid upon either ring and secured hy 
soldering. Thus are farmed two shallow 
cups for containing the coils. Through 
the centre of one of theae cnpa make > 
hole } in. diameter, and also in each 
cup two line holes, one near the cir- 
cumference, the other near the centre, 
for paaaing out the terminals of the 
coila. Id "the cup having the large 
central hole, the small bole la to be 
made close by the edge of the large one. 

The colli themselves may neit be 
woand. Hake a apool of wood, 1 in. 
between the heads, and having ita core 
f in. diameter at one end, J in. at the 
other. The spool head on the smaller 
end of the core Is made removable, sn 
tint the coil when finished may be 
drawn from the spool. Fin the spool 
to any convenient support with a large 
■crew, and insert a peg near the margin 
of the free head, to serve as a handle 
for turning the spool in winding the 
coil. The wire to be used will depend 
upon the purpose for which the inatm- 
ment b to be employed. Mo. 24 to SB 
wire is good for general purposes ; bnt 
the general worker will find it advan- 
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tageoQS to have three sets of coils of 
No. 18, 28, and 36 wire respectively, 
and it was that other cups and coils 
might be made at leisure that the eit» 
' ■' ■ ' '" provided. 




Before winding, the wire ia to bs 
cooked in hot paraffin until all air ia 
driven off. Make a small hole through 
the apool head close to the larger end 
of the core, pass one end of the wire 
through this hole, and then, guiding 
the wire with one hand and tnraiag the 
spool with the other, fill up the apool, 
making the winding as snugand perfect 
as poBsible. To permit of adjustment, 
the outer diameter of the coil shoold be 
a trifle less than the diameUr of the 
cup that is to contain it. Carefully 
take anay the removable apool head, 
and without disturbing the coil give it 
a thin covering of latid shellac upon ita 
eiposed face and edge. The shellac ia 
melted and neatly amoobed upon the 
."^I with a hot iron. The coil may now 
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be most carefully removed from the 
spool, and its other face, as well as the 
portion within the conical hole, coated 
with shellac as above. The second and 
subsequent coils are made in the same 
manner. The coils are fixed in the cups 
by pouring melted rosin about them, 
firat taking care to pass the terminals 
through the holes provided for them. 
' The needle or magnetic system next 
demands attention, and it will test the 
skill of the beginner. A piece of No. 
16 aluminium wire, 3 in. long, is 
flattened at either end for } in. of its 
length, and through one end a minute 
hole is pierced. A staff for carrying the 
magnets and mirror is so formed. For 
the magnets procure a rather wide 
watch spring, anneal it well, and file or 
grind a portion of it until it is made as 
thin as newspaper, about *07 mm. 
Cut from this 12 pieces, each | in. long, 
and roll them about a steel wire into 
little hollow cylinders -^ in. diameter. 
(Some manufacturers use short flat 
pieces of narrow watch spring for this 
purpose). 

The 12 cylinders are then to be 
dipped in a strong solution of potassium 
ferrocyanide, heated to bright redness, 
and suddenly plunged into cold mer- 
cury. By these means they are made 
extremely hard, and will retain a very 
strong magnetic charge. To magne- 
tise, string them on a wire, and put in 
a solenoid through which the strongest 
available current, preferably that from 
a dynamo, is made to pass. 

On little square scales of mica ar- 
range the magnets in two sets of 6 each, 
taking care that in each set the poles of 
the individual magnets shall lie in the 
same direction. Secure them upon the 
mica scales with a very little shellac 
varnish, and in the same way the mica 
scales upon the staff, one at either end, 
being very careful that the combined 
poles point in opposite directions in the 
two sets of magnets. In front of the 
magnets near the upper end of the staff 
(the end having the minute kole) is 
placed a mirror, and fixed with shellac. 
These mirrors may be bought for a 
small sum of the dealers, or easily made 



by grinding very thin a piece of plate 
glass and silvering its unground 'side. 
The ordinary microscopic cover glasses 
are rarely perfect enough to be used as 
mirrors. Our needle now needs only 
the addition of a pair of dragon-fly 
wings, in the position indicated in Fig. 
108, to make it complete. These wingft 
bring the needle quickly to rest after a 
displacement. 

110. 




Section of Galvanometer. 

G, G, galvanometer barrel ; M M, coils ; A, 
mirror ; B B, magnetic system ; G, lens ; T» 
tube for standard ; N, glass tube ; R, alu- 
minium wire ; X X, terminals of coils. 



A glass tube 10 In. long is now to be 
fixed upright in the ferrule on the top 
of the barrel. A little sulphur melted 
upon the heated end of the tube accom- 
plishes this. The top of the tube must 
be provided with an arrangement for 
suspending the needle. Fig. 109 shows 
how this is made. Another ferrule fits 
the glass tube. On it rests a small 
plate of sheet brass, which is perforated, 
and through the latter a split tube 
passes, grasping a wire, and moves in 
the tube with gentle friction. The 
ferrule, the plate, and the split tube 
I are united with solder. To suspend the 
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needle, remove the sliding wire and to 
its extremity attach with yamish one 
end of a long fibre of silk, such as may- 
be drawn from white embroidery silk 
or a white silk ribbon (unspun silk 
fibre is preferable fur this purpose, but 
the twisted fibre may be straightened 
by steaming). Press a little ball of wax 
upon the free end of the fibre, and drop 
the ball down through the split tube 
into the galvanometer barrel, and push 
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The TelesGope. 

T, paper tube ; P, draw tube ; L, li ns ; W, 
wire. 

the wire in place. The end of the fibre 
in the barrel can now be caught and 
threaded through the hole in the needle 
staff, secured, and the wings put through 
the slit at the bottom of the barrel, 
where they should swing freely in the 
tube below. The coils can now be 
pushed into place, the coil having the 
large hole being the front one. In this 
hole a spectacle lens of 4 ft. focus, 
ground to a fit, is to b6 cemented. The 
suspension wire is moved up or down 
until the mirror is seen to occupy the 
centre of the coil. Two of the coil 
terminals are to be joined so that the 
current may circulate in the same 
direction in each coil, and the other 
two are connected to screw posts upon 
the base of the instrument. 

A small bar controlling magnet is 
provided, either upon a separate stand, 
or it may be attached to the glass tube 
with the aid of a split cork. The in- 
strument itself is now complete, except 
some means for reading its indications. 
The following simple device accom- 
plishes that purpose better than the 
most elaborate and costly telescope and 
scale. Procure one of those lenses sold 
as reading glasses. It should be about 
3 in. diameter and 6 in. focus. ' Make a 
stiff tube of paper 2 ft. long, 3 in. 



internal diameter. The tube should be 
furnished with a telescopic slide at one 
end, and in the slide a peep hole. The 
lens is to be fixed in the tube at its own 
focal distance from the peephole, and 
opposite the peephole, also in focus of 
the lens, a fine wire or spider line is 
stretched. Fig. 110 shows the device in 
section and will make the details clear. 

A scale of equal parts printed or 
marked upon paper and attached to a 
strip of board is the only remaining 
detail. The telescopic device is secured 
so as to point directly at the galvan- 
ometer mirror, about 6 ft. distant, and a 
few trials will enable one to place the 
scale so that a distinct view of the divi- 
sions may be had upon looking through 
the telescope. Remember that the 
scale is seen reflected in the swinging 
mirror, and there will be but little 
difficulty in securing the correct ad- 
justments. 

An instrument made by the writer in 
the foregoing manner, though it has a 
resistance of only 50 ohms, gives a 
deflection of 20 divisions of its scale 
through a resistance of 250,000 ohms, 
the current being furnished by a single 
Daniell's cell. It can be made without 
a lathe. There is but a single screw 
about it, and the whole cost of con- 
struction need not be more than 
10-12«. 

I4axnp8.^-(a) A very good form of 
lamp can be made of a 3 neck globe, to 
be procured at the chemical apparatus 
shops, in the shape of Fig. 112 : a is the 
globe and 6 two of the necks, which 
should be fitted with corks, drilled to 
receive pieces of No. 1 brass wire, and 
then cemented in. Fig. 113 shows one of 
the brass wires drilled about ^ in. down 
to receive a length of carbon, and a hole 
at the other end to fasten the connect- 
ing wires to. A piece of very fine 
carbon is inserted between the wires 
(about 1 in. long by -^^ in.) leaving ^ in. 
exposed. The globe is filled with nitro- 
gen by burning out the oxygen in the 
following manner: — A stopcock is 
cemented into the third neck and theu 
screwed into a capped gas.jar, which is 
placed in a pneumatic trough with a 
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TABLE IIL— CJosT OP 10,000.LiaHT or 600-Kilowatt Pi^int. 



A.T. — ^ALTEBNlTINa TRANSFORMER 

- Distribution. 

Generating station, buildings, £ 
chimney shaft, water tanks, 
and general fittings .. .. 11,000 

Dynamos and exciters — 865 
kilowatts, including spare 
sets, divided as convenient.. 5,5 K) 

Motive power, i.e. engines, 
boilers, steam and feed con- 
nections, belts, &c., at 8/. 12«. 
perI.H.P 12,470 

500 transformers, i.e. one to 
every pair of houses, at 15/. 
each .. .. 7,500 

,2000 yd. primary or charging 
main, exterior to area of 
supply, at 308/. per 100 yd. 6,160 

20,000 yd. distributing main, 
50 mm. sectional area, at 
91/. 78, (see Table L) .. .. 14,270 

Regulating gear .. .• .. 500 

£57.440 



B.T. — ^AccuMaLATOR Transformer 

DiSTRIDUTION. 

Generating station, buildings, £ 
chimney stack, water tanks, 
and general fittings .. .. 8,000 

Dynamos — 600 kilowatts, in 6 
sets of 100 kilowatts each .. 4,800 

Motive power, i. e. enginef, 
boilers, steam and feed con- 
nections, &c., at 8/. 12s, per 
I.H.P. 8,600 

4 groups of accumulators, in 
all 240 cells, in series, at 40/. 
per cell, including stands . . 9,600 

2000 yd. charging main, at 
S06/. lis. 6c/. per 100 yd. 
(see Table II.) 6,137 

20,000 yd. distributing main, 
161*25 mm. sectional area, 
at 100/. 12«. 6(1 (see Table 
II.) 20,125 

Regulating gear 2,500 

£59,762 



TABL^ IV.— WoRCiNO Expenses and Maintenance of 10,000-LiaiiT, ob 

600-KiLowATT Plant. 



Materials — 

Coal : 4380 tons at 17). 
„ 2550 „ 178, 

Oil, water, and petty' 
stores : 1500 hours ' at 
7^. 6d, + 7520 hours 
at Is 

Oil, water, and pettyl 
stores: 1400 hours at 5s./ 
Total cost of material . . 

Lahow^-^ 
2 foremen drivers at 45s.,' 
6driversat 30s., 9fire-| 
men at 24s.; sundry] 

labour 

1 foreman driver at 45s.,' 
2 drivers at 30s., 3 fire- 1 
men at 245.; sundry | 
labour 



A.T. 



£ s. d. 
3,723 



925 



1,388 8 



• • 



d. 



4,648 



B.T. 



£ s. d, 
2,167 "o 



350 



975 



9. </. 



• ■ 



2,517 
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AT. 


B.T. 




£ s. d. 


£ s. d. 


£ 8. d. 


£ 8, d. 


Brought forward ., 


1,388 8 


4,648 


975 


2,517 


Salaries — 










1 chief at 500/., 2 assist- 










ants at 200/. each, 4 


1,220 


• • 


• • 


• • 


clerks at 80/. each 










1 chief at 500/., 1 assist- 










ant at 200/., 4 clerks at 


• • 


.• 


1,020 


■ • 


80/. each ] 




2,608 8 




1,995 








Maintenance of Plant — 










Motive power and dyna-| 
mos: 10 per cent, on 










1,801 




• • 


• • 


18,010/ 










Motive power and dyna- 










mos: 10 per cent, on 
13,400/. 


• • 




1,340 


• . 










^Buildings and fittings: 
5 per cent, on 11,000/. 


550 








%0\^>f ^ \^ 




• • 


. . 


Buildings and fittings \\ 
5 per cent, on 8000/. .. / 


• • 




400 


• ■ 


Tranafonners : 10 per"^ 
cent, on 7500/. . . . . / 


750 




. • 


• • 


Accumulators : 15 perl 
cent, on 9600/ j 


. • 




1,440 


• • 


Mains: 7^1 per cent. on\ 
20,430/. / 


1,532 5 




. • 


• • 


Mains: 2} per cent. on\ 
26,262/. / 


• • 




656 10 


• • 


Regulating gear: 10 perl 
cent, on 500/. .. ../ 


50 








*^\/ yf \j 




• • 


• • 


Regulating gear: 10 perV 
cent, on 2500Z. .. ../ 


m • 


4,683 5 


250 


4,086 10 






• • 




11,939 13 


8,598 10 


2100 units X 365 days = | 






766,500 units. Cost perl 


• • 


3 75<f. 


. • 


2'7d, 


unit J 











piece of phosphorus on a little stand 
(Fig. 114). When all is ready, the P is 
lighted by a hot wire, the jar placed 
over it, and the stopcock opened. Phos- 
phoric acid is formed, which eventually 
dissolves in the water. When the globe 



(R. E. B. Crompton.) 

is quite clear again, shut the stopcock, 
and unscrew the globe from the jar. 
It can then be screwed to any of the 
gas brackets, and insulated wires run- 
ning inside or outside the gaspipe from 
a battery of at least 6 large Bunsens. A 



Tetjfslr light i« the resnlt, intrensed of I 
course by the number of cella employed 
(Fie. 115). The globe cm be bought at 
JackaanV 65, BarbicsD, for about Ij. | 



tgitive, which tabes 4 in. These slide 
. tnbea, A being the heavier ; F C E is 
lever with its falcrum at C, the 
d E being hnlf as long as F. The 
E end is connected by aa 
ivory or bone connecting- 
rod to B, ns shown, and the 
end of F by fimiUr means to 
¥ from &. On the negntive 
carbon-holder hangs stiiron 
liadrical weight, which 

current ia 





le-nuds Unp. 



(i) Fig. 116 is a regulator lamp of my 
own design, and which works veiy well 
indeed (the box is removed for clear- 
ness) ; A is the positive carbon-bolder, 
which tiikea 8 In. of carbon, and B, the 



ight 
.and 
formed. 
On the current becoming 
weaker, the positive car- 
bon falls, forcing tip the 
negative half the distance 
by nesns of the lever 
FOE. This restores the arc, 
and the carb«ia are locked 
by the coil. Any other 
arrangement may be em* 
ployed to lock the carbon, 
the chief point claimed for 
thb lamp being its aim- 
plicity. (C. Crawford 
Co^..) 

Uicrofihoae. — Fig. 
117 is a microphone whidi 
any person who hat the 

construct for himself. The 
vibrating pkte A consists 
simply of h visiting-card of 
medium thickness cut 

much better than round, as 
the latter, although more 
elegant in appearance, does 
not give so good results. 
To this cnrd are affiled by 
means of sealing-wai 3 thin 
and light discs of carbon 
BBBof the kind used for the 
electric light. TheseSdistsoccupy sym- 
metrically the 3 apices of an equilateral 
triangle, and are put into communica' 
Uon bj means of copper wires b. With 
this abject in view, a small aperture ia 



formed in each (liic, iDd Into thia U 
Ried the extremity of a copper wire 
either by cement or friction. The 
copper mj be ■dTintsgeoaslT' replaced 
by pUtinom. Finally, the 3 wires are 
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uees through the wire h, 
BD, to retnm to the 
1 trarerBing the tno roda 

Thia little iDatrDment will prove very 



lenninBl D, i 




Eaallr coiutnieted mtcrophote. 



The rest of the apparatus Gonsista of 
B square wooden base U, whicli sapporta 
3 prismatic carbon rods CCC, that 
exactly correspond to the 3 disca BBB. 
The two rod* CC cammanicitte by copper 
or plstlnam wires dd with the ume 
terminal D. The third rod C commnni- 
cates alone with a second terminal V>. 
The upper extremity of these carbon 
rodi must be chisel-shaped, sach a form 
baring been found to give the best re- 
loltB, inaamuch aa the contacts become 
f^wcr in thia caae. The rods are fiied 
to the wooden base by meana of seallng- 

The theory of this microphone is very 
simple. The current entera, for ex- 
ample, through the terminal D, follows 
the rod C and then the diac B. From 



proridcd that the plate k be given ■ 

E roper weight, one that is neither too 
eavy nor too light. If thia be done, 
the Toice of a person spealiing in an 
ordinary tons may be distinctly heard 
at the end of the room thst contains the 

pattioularly well rendered by it. The 
apparatus must be plnced upon a table 
at a distance of 2—3 yd. in order to 
protect it from the jarring of the 
eurth. 

Aa for the pile necessary for safarat- 
ing the instmment, one small Banaen 
or two or three Leclsnch« elements may 
be used. Apropos of the Leclanch^ pile, 
a modification of it formed of a zinc and 
a carbon plate, both of them dipping 
into a aaturated aolution of bichromate 
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of potash and hydrochlorate or sulphate 
of ammonia, is very simple, and avoids 
the costly mechanism designed to re- 
move the zinc from the action of the 
acid when the pile is at rest. This 
element does not wear away when the 
current is interrupted, as in the 
Leclanch^ pile. One obstacle at first 
rendered the use of this pile very diffi- 
cult, and that was the fact that the 
ammoniacal salts rose along the carbons 
and attacked the communicating wires 
so that these broke and thus interrupted 
the electric current. But it is only 
necessary to dip the carbons into a bath 
of boiling paraffin, then allow the whole 
to cool, and afterward to scrape the 
carbon with a knife so as to free its 
surface of the paraffin. This latter 
material penetrates the pores of the 
carbon without notably changing its 
electric conductivity-. The liquids are 
thus no longer able 1o rise through 
capillary attraction. Leclanch^ got 
around the difficulty by leaden arma- 
tures, but the means described above are 
simpler. The electromotive force of 
this new element appears to be greater 
than that of a Leclanch^ of the same 
dimensions. {La Nature), 

Motors. — It is generally under- 
stood that an efficient electric motor 
cannot be made without the use of 
machinery and iine tools. It is also 
believed that the expense of patterns, 
castings, and materials of various kinds 
required in the construction of a good 
electric motor is considerable. The 
little motor shown in Fig. was devised 
and constrycted with a view to assist- 
ing amateurs and beginners in electri- 
city to make a motor which might be 
driven to advantage by a current de- 
rived from a battery, and which would 
have sufficient power to operate an 
ordinary foot lathe or any light 
machinery requiring not over 1 man 
power. 

The only machine work required in 
its construction is the turning of the 
wooden supports for the armature ring. 
The materials cost less than 89., and the 
labour is not £^eat, although some of 
the operations, such as winding the 



armature and field magnet, require 
some time and considerable patience. 
On the whole, however, it is a very 
easy machine to make, and if carefully 
constructed will certainly give satisfac- 
tion. Only such materials as may be 
procured anywhere are required. No 
patterns or castings are needed. 

Beginning with the armature, a 
wooden spool A (Fig. 118) should be made 
of sufficient size to receive the soft iron 
wire of which the core of the armature 
is formed. The wire, before winding, 
should be varnished with shellac and 
allowed to dry, and the surface of the 
spool on which the wire is wound 
should be covered with paper to prevent 
the sticking of the varnish when the 
wire is heated, as will presently be de- 
scribed. The size of the iron wire is No. 
18 American wire gauge. The spool is 
2-A- in. diameter in the smaller part 
and 2 in. long between the flanges. It 
is divided at the centre and fastened 
together by screws. Each part is 
tapered slightly to facilitate its re- 
moval from the wire ring. The wire is 
wound on the spool to a depth of -I in. 
It should be wound in even layers ; and 
when the winding is complete, the spool 
and its contents should be placed in a 
hot oven, and allowed to remain until 
the shellac melts and the convolutions 
of wire are cemented together. After 
cooling, the iron wire ring B b with- 
drawn from the spool, and covered with 
a single thickness of adhesive tape, to 
ensure insulation. 

The ring is now spaced off into 12 
equal divisions, and lines are drawn 
around the ring transversely, dividing 
it into 12 equal segments, as shown in 
Fig. 120. Two wedge-shaped pieces C of 
hard wood are notched and fitted to the 
ring so as to enclose a space in which to 
wind the coil. This coil consists of No. 
16 cotton-covered copper magnet wire, 
4 layers deep, each laiyer having 8 con- 
volutions. The end a and the beginning 
& of the winding terminate on the same 
side of the coil. The last layer of wire 
should be wound over 2 or 3 strands of 
shoe thread, which should be tied after 
the coil is complete, thus binding the 




wirei toother. When the first section 
of the winding U finished, the wire is 
It off and the ends (about 2 in. long) 



rlsted t> 



;ether 



e the c 



After the 
pletion or the first sectioD, one of tbe 
pieces C Is moced to a n<w position, 
and tbe second section is proceeded 
with, and so on until the IS sec- 
tions are wound. The coils of the 
ring are then vorniabed with tbin shel- 
lac Tarnish, the Tarnish being allowed 
to soak into the interior of the coils. 
Finalljr the ring is allowed to remain in 



until the TaiiiEsli is 
thoroughly dry and hnid. 

Care should be taken to wind all tbe 
coils in the same direction, and to have 
the same number of eonvolations in eiith 
coil. A eonvenient way of carrying Iha 
wire through and around the ring is to 
wind upon a small ordinary spool 

lughwirefora single seclion, using 



thes 



lolas 



shuttle. 



ranted upon 
support or hub G, and is held in pti 
by tbe wooden collar H, both h 
and collar being provided with a cc 



wood 



cava flange for receiving the 
inner edges of the ring. The 
cullar H is fastened to the end of 
the huh G by ordinary brass 
noDd gciews. Both hub and 
collar are mounted ou n -^ in. 
steel shaft fonned of Stnbs'wire, 
irbich needs no turning. A 
pulley 13 formed integralijr with 
the collar H. The end ol 
the hub G, which is proTided 
with a flange, is prolonged to 
form the commutator, and tbe 
tennmala a b of the ring coiU 
are arnnged along the surface 
of the hub nnd inserted in radial 
1 the hi" 

of each pair 
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being Ecraped before i 

hotea. The distance he 

of each pair is sufficient 1. 

brass wood screw to enter the end 



inals, there will of 
nrae be required a correspondiiig 
imber of brass screws. These screws 
ioserted in the end of the hub 0, so 




the hnb G, end form an electrical 
tact with both wires of the pair, 
ahonmin Fig. 121. 
There being 12 



exactly «ven with the end of 
the hub. This completes the armature 
and the commutator. 
Before proceeding to mount the arma- 
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tare shaft id the journal boies, it will 
ba necflBsirf to construct the field 
magnet, at the machine must, to some 
eiteDt at least, be made bj- "^ale of 
thumb." 

The bod; e. o( the field magnet cou- 
■UtE of strips of RuBsia iron. luch ae is 
nscd In the maaufacti 



'B pipa. 



Thert 



:e 2i in 



safBcii 



wide, 



i length being 
to build up a magnet core -^ in. thick, 
of the farm ahown. The motor illus- 
trated has 15 layers of iron in the mag- 
net, each requiring about 26 in. of iron, 
approiiniAtelj 33 ft. altogether. 

The wooden block F, on which the 
magnet is formed, ia secured to a base 
board 0, as shown in Fig. 122, and 
groove! are made in the edges of the 
clock, and corresponding holea are 
formed ia the base to receire wires 
for temporarily binding the iron atrips 
together. Opposite each angle of the 
block F, mortises are made in the base 
board O, to receive the keya d and 
wedges c, Ench ke; d ia retained in 



has reached the required thickpeea, the 
wedges a are forced down so ai to hold 
the imn firmly, then the layen of iron 
are closely boand together by iron 
binding vfire wound around the magnet 
through the grooves i; aad holes in the 
bass board G. 

The neit step in the construction of 
the machine is the winding of the Geld 



To e 



magne' 
the magnet 



■ the ii 
n the 



nlation of 
raof 






the magnet, the latter 

the parts to be wound bf adheaivi 

or by cotton cloth attached by means oi 

shellac varnish. 

The direction of winding is clearly 
shown in Fig. 124. 5 layers of So. IS 
magnet wire are wound upon each seo 
tioa of the magnet, the winding of sec- 
tions 1 and 2 being oppositely arranged 
with respsct to each other. In like 
manner, the winding of sections 3 and 4 
is oppositely arranged. "" ■ - 



I oppoai 



so that ol 




Crcult of ifanple electric motor. 



the magnet, and ends at the inner end 
of the seeUoD. When the winding is 
completed, the temporary binding is re- 
moved. The outer ends of 1 and 2 are 
connected together, and the outer ends 
of 3 and 4 are connected. The Innerend 
of 2 and 4 are connected. The innerend 
block F. When the magnet | of 3 is to he connected with the com- 



held in positioi , 

magnet proceeds, the several keys diai 

wedges c being removed and replaced In 
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mutator brush /. The inner end of 1 is 
to be connected with the binding post 
g, and the binding post g is to be con- 
nected with the commutator brush /. 

The field magnet is now placed upon 
abase having blocks of suitable height to 
support it in a horizontal position. A 
block is placed between the coils to 
prevent the top of the magnet from 
drawing down upon the armature, and 
the magnet is secured in place by brass 
straps, as shown in Fig. 125. 

The armature is wrapped with 3 or 4 
thicknesses of heavy paper, and inserted 
in the wider part of the field magnet, 
the paper serving to centre the arma- 
ture in the magnet. The armature 
shaft is levelled, and arranged at right 
angles with the field magnet. The posts 
in which the armature shaft is jour- 
naled are bored transversely larger than 
the shaft, and a hole is bored from the 
top downward, so as to communicate 
with the transverse hole. To prevent 
the binding of the journal boxes, the 
exposed ends of the armature shaft are 
covered with a thin wash of pure clay 
and allowed to dry. The posts are 
secured to the base, with the ends of 
the armature shaft received in the trans- 
verse holes. Washers of pasteboard are 
placed upon the shaft on the opposite 
sides of the posts, to confine the melted 
metal, which is to form the journal 
boxes. Babbit metal, or, in its absence, 
type metal, is melted and poured into 
the space around the sRaft through the 
vertical hole in the post. The journal 
boxes thus formed are each provided 
with an oil hole, extending from the top 
of the post downward. If, after clean- 
ing and oiling the boxes, the shaft does 
not turn freely, the boxes should be 
reamed or scraped until the desired free- 
dom is secured. 

All that is now required to complete 
the motor is the commutator brushes //. 
They each consist of 3 or 4 strips of 
thin hard rolled copper, curved as 
shown in Fig. 121, to cause them to bear 
upon the screws in the end of the hub G. 
The brushes are secured by small bolts 
to a disc of vulcanised fibre*, or vulcan- 
fte, Qt diaipetfically opposite points, as 



shown in dotted lines in Fig. 126,'and the 
brushes are arranged in the direction of 
the rotation of the armature. In the 
brush-carrying disc is formed a curved 
slot for receiving a screw, shown in Fig. 
126, which passes through the slot into 
the post and serves to bind the disc in 
any position. The disc is mounted on 
a boss projecting from the inner side of 
the post concentric with the armature 
shaft. The brushes are connected up 
by means of flexible cord as shown in 
Fig. 125. The most favourable position 
for the brushes may soon be found 
after applying the current to the 
motor. The ends of both brushes will 
lie approximately in the same horizon- 
tal plane. When the motor is in opera- 
tion, the direction of the current in the 
conductor of the field magnet is such as 
to produce consequent poles above and 
below the armature. 

£ight cells of plunging bichromate 
battery, each having one zinc plate 
5 X 7 in. and 2 carbon plates of the 
same size, will develop sufficient power 
in the motor to run an ordinary foot 
lathe or 2 or 3 sewing machines. 

The dimensions of the parts of the 
motor are tabulated below : 

Length of field magnet (inside) . . lOi in. 
Internal diameter of polar section 

of magnet 31 „ 

Width of magnet core 2t « 

No. of layers of wire to each coil 

of magnet 6 

No. of convolutions in each layer 34 
Length of wire In each coil (ap- 
proximate) 96 ft. 

Size of wire, Am. W. G No. 16. 

Outside diameter of armature .. 3iin. 

Inside diameter of armature core 2^ „ 

Thickness , |„ 

Width „ „ .,2 ,. 

„ „ „ vonnd 2i „ 

No. of coils on armature . . . . 12 „ 

No. of layers in each coll.. .. 4 

No. of convolutions in each layer 8 
Length of wire in each armature 

(approximate) 30 ft. 

Size of wire on armature. Am. 

W. G No. 16. 

Length of armature shaft . . . . 7i in. 

Diameter of armature shaft . . j^^ ^ 

n „ wooden hub .. •• if- »> 

Distance between standards . . . . 6i „ 
Total weight of wire in armature 

and field inagnet 6 lb. 

(G. M. Hopkins,) 
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Phonogram and Grapho- 
plione. — ^From the researches of a 
number of experimenters with the 
phonograph, it appears that : 

(1) The embossing point should be 
abandoned for a process of engraving — 
that is to say, instead of pressing the 
registering surface with a style, as in 
the original phonograph, an outline 
should be produced parallel to the sur- 
face of inscription. 

(2) The best substance answering all 
the requirements of the question raised 
by engraving by means of the style, is 
beeswax hardened by paraffin or some 
other similar substance. 




Phonogram and graphophone. 

(3) To speak in a high tone is un- 
necessary, the ordinary tone giving the 
best results, although the intensity of 
the sound produced does not excel that 
of the telephone. 

In 1886, Dr. Chichester, Dr. Bell, 
and 0. S. Tainter took out a patent for 
engraving the phonogram and for the 
use of wax, and, as a result of their 
labours, produced, in the spring of 1887, 
the graphophone, the iirst really prac- 
tical apparatus of the phonographic 
type, which was exhibited at Washing- 
ton, This instrument reproduced the 



voice with the intensity of a good 
telephone ; but the deformations due to 
the engraving were great enough to 
render the voice unrecognisable, unless 
the fancy was exercised, and one 
had a previous acquaintance with the 
speaker. The impression was obtained 
upon a cardboard cylinder covered with 
wax. As soon as the graphophone be- 
xsme known in America, Edison, en- 
couraged by the results obtained with 
this instrument, recommenced his ex- 
periments with the phonograph, and 
after having tried the embossing point 
anew abandoned it for the engraving, 
thus confirming the accuracy of the 
conclusion of Bell and Tainter. The 
graphophone and the new phonograph 
of Edison seemed then to be practically 
the same instrument, only differing in 
form and the nature of the motor 
used. 

The difficulties which the embossing 
point presented would disappear, as 
Prof. Thomson observed, if a surface 
could be found whose resistance to the 
embossing point was exactly propor- 
tionate to the depth of this embossing. 
Every trial confirmed these conclusions, 
for the more one attempts to speak loud 
the more indistinct becomes the articu- 
lation. It is necessary, then, to trace 
the vibrations as in the old phonauto- 
graph of Scott, parallel, and not per- 
pendicular to the sheet, and to reduce to 
a minimum the resistance offered by the 
substance engraved. Berliner observed 
that lampblack was impracticable and 
insufficient ; but he saw that the greyish 
deposit of lampblack, produced by a 
kerosine flame, gave a finer line than 
the thick dark deposit produced at the 
top of the same flame, and this observa- 
tion led him to previously grease the 
registering surface by applying a layer 
of printing ink or oil paint by the aid 
of a roller or a brush. The smoke then 
gives a deposit of a fatty appearance, 
and of such a consistence that if it is 
touched with a style a free line is pro- 
duced without any blister, even when 
examined with a microscope. The 
phonautogram obtained is then en- 
graved mechanically, chemically, or 
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and divided in front. E i< a piece of 
rubber tube fitted into the diviaioD in 
B, and supporting the end of the <t;le 



15-20 minntes if neceasarj), KDd 
which can afterwarda be maltiplied 
ind«finitelj bjr the electrotjping pro- 



< fori 



ed of a thin 




iting on tno steel pivoU 

F. D is a piece of writing-paper 

atrengthened bj a spring plate, the end 

of which conatituies the Irsc- 

ine point. There ia a piece of 

tnbe pl.iced round the 



Rofliitering apparatuB. 

cesi, which Berliner cnlls the art of 
engraving the hunino voice nith aqua- 
fortia, and which we cell more 8iin[ily 
phonogmvurc. The regiatering appa- 
ratus (Fig. 12S) conaisti of a case K, 
which aerres to aupport the whole. 
The centre of the diaphragm A carriea 
a amalt braaa cylinder B riveted to it. 



style tc 



)1 its Tibrn 



of felt placed 1*- 
tween the cose of the dia- 
lihragm and the diaphragm 
itaelf, to control the superflu- 
aaa yiuralions and prevent re- 
sonance. The whole is placed 
upon ■ liglit aupport (Fig. 
1-27). 

The apparatus reproducing 
the words of the speaker (Fig. 
128) is constructed on the 
same plan, but is of smaller 
dimensions aud more rigid in 
the vibrating parts. The end 
of the ttjle consists of an 
iridium point, to avoid the 
wear caused b; continual rob- 
bing with the metal. 

Harder metals give a more 
intense sound than tubst.-inccs 
less resisting or elastic, as 
rubber or plaster of Paris. 
The hard metals, sach as 
copper, nickel, or braas, speak 
louder than Einc; but there 
is a grinding, unless the writ- 
ing surface is very smooth, 
and polished with the greatest 
care. This grinding ia 
scarcely perceptible 
lished gl<iss, and nerune 
hopes, b; moulding the regi! 



po- 



Xalurc. 

Regrulators. — An ingenious elec- 
tric regulator, which is so simple that 
any amateur can construct it, and that, 
too, at little eipense, has been devised 
by C. Pollnk. A few small pieces of 
wood, some brass, and 4 wires, are 



flII that is aecesiMj Tor the conttruc- 
tion of a regulator wliich will opernte 
in a very eatisfactury manner. In addi- 
tiun to its great eimplirit;, this lamp 
hns the Biirantsge of being- bneed apon 
■D entirelf new principle — that of the 
eipHDEion of the wirea that lead the 
' '0 the carbons nnder the ia- 



it of the h 



, the 




fluence of the eaid current and ita 
variations, the same part serving at the 
lame time for the lighting or formation 
of the arc, and for regulation in 
measure as the carbons wear away. 

Fig. 130 shows the first of these nppa- 
ratus thatWiia constructed, and will 
easily allow the operation to b« unJer- 
etood. Along a board /, about 6 ft. 
long, are stretched 2 brass wires a a', 
^ in. diameter. These ore fixed at the 
upper part to the 2 terminals of the 
lamp, and kept taut below by the 
action of donhle spiral springs b b'. 
These latter are formed of simple braaa 
wire, and are fixed at the side of the 
hoard, and form in the centre a lateral 
appendage, (a whipb js soldered the 



s guided by 
the board. 
The length of the lever 
arm d is about 4 in., while 
the distance from thepoint 
of attachment of the 
wires a to the centre of 
the spring is ^ in., so 
that the motions are amp- 
lified at the ratios of I to 5. 
In a normal state, the 
distance of the carbon 
holders is about 1} in. 
When the carbons are put 
in, each is made to project 
If in., BO that the hoiden 
have to be spaced 2i in, 
apart, corresponding to an 
elongation of about } in. 
of the wires a u'. If, at 
this moment, the lamp ba 
interposed in an electric 
it, the current will 

, ind the springs 
being thereby bent hack 
the carbons will tend to 
separate, and an arc will 
form. The length of the 
latter will be determined 
:ion that the tensions of 
and wires balance each 
le corresponding strength 
nt ; for, as the regulation 
IS made in series, and bears on the 
current, we ought naturally to group 
these lamps In derivation. 

In measure as the carbons wear 
:of the arc increases, 



of the c 



the c 



t dimi 






I the 



contract, allowing the springs to carry 
buck the carbons. It is easy to see, and 
experiment shows it, that the cnrrent 
tends to diminish slowly in me.isare as 
the lamp bams. Such gradual diminn- 
tion in luminous intensity offers scarcely 
any inconvenience In a lamp of this 
UiBd, With th* diTislons indicated 
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the lamp will operate for about 3 
hours. 

The diameter of ^ in. for the regu- 
lating wires is determined by the value 
of the current adopted, 5 amperes ; and 
the condition that the temperature of 
the wire be relatively high, about 120° C. 
If the temperature is too low, the regu- 
lation will be effected too slowly ; and 
if it is too high, the elasticity of the 
wire will be destroyed, and the latter 
will elongate permanently under the 
action of its spring. 

The temperature of 120® C. has been 
calculated by means of the well-known 
formula^ 



-V 






where t is the elevation of temperature, 
K the specific resistance, i the current, 
h the coefficient of regulation (0*0002), 
d the diameter of the wire, and J the 
mechanical equivalent of heat. 

The length does not here figure expli- 
citly,butit in fact determines the current. 
In order to keep the latter constant by 
diminishing the length, it is necessary 
to increase by so much the proportion 
of amplification of the levers, and this 
has been done in a later model of 
smaller dimensions. If, with the same 
temperature, we desire to modify tbis 
current, it will suffice to shunt the 
regulating wires by properly calculated 
auxiliary resistances. 

The ambient temperature plays an 
important role^ since it modifies the 
initial tension of the wires. To get free 
from this influence, which in certain 
cases would necessitate a different regu- 
lation for each temperature, it suffices 
to replace the wood by a frame of the 
same metal as the wires a. PoUak has 
likewise adapted his system to lamps 
regulatable in derivation, with vertical 
carbons, by making the regulating wire 
act upon a ring brake that allows the 
upper carbon to slide. — {La Lumiere 
£lectrique). 

Storage. — Get 2 half-round porous 
cups and a round glass jar large enough 
for the 2 porous cups to stand in up- 

right, Qet 2 plates of sheet lead -^ in. 



thick, wide enough to fit the half-round 
side of the porous cups and deep enough 
to come an inch or so above the top edge 
of the cups and jar. Solder a stout 
copper wire or a screw post to each lead 
plate at the top. Place the lead plates 
in the cups, and fill the cups nearly full 
with a paste made of red lead mixed 
with a solution of sulphate of soda thin 
enough to run like a cement. The glass 
jar containing the cups should be filled 
to within ^ in. of top of cups with sul- 
phuric acid and water, about 1 part acid 
and 8 of water. One plate should be 
marked X, so that, in charging, the 
currents will be correctly connected. 
This may be charged by attaching to a 
series of 12 sulphate of copper cells for 
24 hours, or from a dynamo. It should 
always be charged in same direction, 
and it will improve by repeated charg- 
ings. A wooden cover may be fitted to 
the glass jar, and evaporation of the 
fluid should be replenished by adding 
water. Two or more cells of this 
battery will work small motors, lamps, 
and induction coils, and if thoroughly 
charged will retain a large volume of 
electricity for considerable time. After 
once being well charged, 4-6 cells of 
sulphate of copper battery will recharge 
it.— -(//. of the Telegraph.) 

Referring to the main objection in 
storage batteries — that storage in- 
volves a loss of some 50 per cent. — 
Prof. Lodge says there are many cases 
where the convenience of storage out- 
weighs the evil of waste altogether, as, 
e. g. (1) where the power of the source 
would be otherwise so completely 
wasted that every fraction of it stored 
is clear gain — terrestial water-power 
for instance ; (2) where regularity and 
continuity of supply are needed, while 
the source of power is irregular and 
fitful — wind and wave power; (3) 
where the available source is weak but 
continuous, while the supply is needed 
only for a short time at intervals- 
small water-power for instance, or a 
small steam-engine which can be used 
during the daytime to store up a supply 
of current for light at night. The 
following remarks Pn what tnay bo 



186 



ELECTRICS. 



termed the practical history of storage 
batteries will be usefal to many, but 
there are not a few electricians who 
will ask whether, after all, Plant6*s 
old form of secondary battery is not 
quite as aseful as any of the newer and 
patented forms. 

The first form of manufacture con- 
sisted in rolling up sheets of lead and 
composition with trousering to keep 
them separate. The difficulties found 
were that the coatings would not 
adhere, but became detached in largo 
flakes ; that the trousering got corroded 
through and permitted short circuiting ; 
and that, free circulation of fluid being 
impossible, the acid became exhausted 
in some places and concentrated at 
others, and thus every sort of irregu- 
larity began. Now regularity or uni- 
formity is of the most vital and funda- 
mental importance in any form of 
battery. If any part of a plate is 
inactive, that part is better away; if 
any plate in a cell is inactive, it is 
" better away ; and if any cells of a 
battery are inactive, they are infinitely 
better away. The rolling or coiling up 
of the sheets being found awkward in 
practice, and liable to detach the coat- 
ings, flat plates came to bo used, then 
perforated plates, and then cast grids ; 
these last having such large hole space 
that they held enough composition, 
and held it securely enough, to enable 
the trousering or intermediate porous 
material to be dispensed with. This 
was an evident step in advance ; free 
circulation of the liquid became possible, 
and could be assisted by stirring ; there 
was nothing to corrode except the plates 
themselves, and the composition, being 
in the cells or holes of the grid, might 
be reasonably expected to adhere. So 
far, expectation was not altogether 
belied. The adhesion was not perfect, 
it was true, and pieces of composition 
sometimes fell out of the holes, especially 
if too powerful currents were passed 
through the cell, but still it was much 
better than it had been ; and if the 
plates were filled, properly formed, and 
fairly treated, the composition adhered 
extremely well and securely. The cir- 



culation of the liquid was not auto- 
matically perfect either, but mechanical 
agitation could be readily applied ; 
without it the acid near the bottom of 
the celh tended to become more con- 
centrated than that near the top, not 
by reason of gravitation undoing diffu- 
sion, which is impossible, but because 
during each charging fresh acid is 
formed, and in ^reat part falls to thQ 
bottom in visible streams. Another 
great advantage was that some amount 
of inspection of the plates became pos- 
sible, and experience as to the actual 
behaviour and appearance of the plates 
began to be accumulated. 

The main difficulty now experienced 
was how to keep the plates from touch- 
ing. They might be put in wooden 
frames, or elastic bands might be 
stretched round each of them, and if 
they would only keep flat it was im- 
possible they should touch unless the 
composition should -drop out of the 
holes. Sometimes the composition did 
drop out of a hole, and bridge across 
the interval between two plates, but 
the more common and more fatal 
experience was that the plates would 
not keep straight. In a few months 
the positives were found to swell, and 
as they swelled to buckle — ^to buckle 
and twist into every variety of form, so 
that elastic bands, wooden frames, and 
every other contrivance failed altogether 
to prevent short-circuiting. The cause 
of the buckling is of course irregular 
and one-sided swelling, and the cause of 
swelling is apparently the gradual per- 
oxidation and sulphating of the material 
of the bars of the lead grid, which 
occupy less room as metallic lead than 
as oxide. As the bars swell they press 
on the inclosed composition, occasionally 
driving it out, but more frequently, 
and with properly made and treated 
plates universally, distending them- 
selves and stretching the whole medial 
portion of the plate. The edge or frame 
of the grid is stronger than the middle 
bars, and is not so easily stretched ; in 
a good and uniformly worked plate it 
does stretch, and an old positive plate is 
I gome ^ in. bigger every way than a new 
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one, but if one face of the plate is a 
trifle more active than the other, it is 
very plain that the most active side 
will tend to become convex ; and buck- 
ling ))nce begun very easily goes on. 
To cure it two opposite plans have been 
tried : one is to leave the plates as free 
and unconstrained as possible, hanging 
free it may be from two points, thin, 
and with crinkled or crimped margins 
to allow for expansion ; the other is to 
make them thick and strong, with 
plentiful ribs for stiffness, and besides to 
clamp them up to one another as tightly 
as may be, and thus in mechanical ways 
to resist buckling and distortion. I do 
not know that anyone could say for 
certain beforehand which of these two 
plans would be likely to answer best, 
but practice is'beginning to reply in 
favour of the latter, and well-braced 
plates of fair thickness show no un- 
manageable tendency to buckle. It 
must be remembered that no material 
can buckle with a force greater than 
that necessary to restore it to flatness, 
and this force in the case of lead is very 
moderate. Hence it may be fairly hoped 
to overcome and restrain all exuberances 
by suitable clamps and guides arranged 
so as to permit flat and even growth, 
but to check all lateral warpings and 
excrescences. 

Uniformity of action is still eesential, 
especially if all the plates in a cell are 
clamped together. Plates meehanicaliy 
treated alike ought to be electrically 
so treated also, and it is impossible to 
keep a set of plates working satisfac- 
torily together unless the contact of 
each is thoroughly and equally good, so 
that each may receive its fair share of 
current. Defects of contact have been 
a fruitful source of breakdown and 
irregularity. Clamps and screws of 
every variety have been tried, but the 
insidious corroding action of nascent 
oxygen exerted through the film of 
acid which by spray and creeping forms 
and concentrates on the lugs — this 
corroding action crawls between the 
clamped surfaces, gradually destroys all 
perfect contact, and sometimes produces 
ali))08t complete insulation. Contacts 



on the negative plates give but little 
trouble ; contacts on the positives have 
taxed a great amount of patience. Lead 
contacts ''burned," i. e. melted, not 
soldered on, are evidently less liable to 
corrosion than brass or copper fittings, 
or than any form of clamp, but they are 
apt to be somewhat clumsy if of sufH- 
cient conductivity, and moreover they 
are awkward to undo again, and some- 
what troublesome to do. However they 
have proved themselves so decidedly the 
best that now no other contacts will be 
used, and their reintroduction has been 
followed by a marked improvement in 
the behaviour of the cells. So long as 
contact with one plate was better than 
with another, a thing quite possible to 
happen without any difference being 
perceptible to the eye, so long was it 
possible for one or two plates to remain 
almost wholly inactive while another 
one or two received far more than their 
share of current, and became distended, 
warped, overcharged, and ultimately 
crumbled away. If one or two plates 
in a cell are black, and giving off 
torrents of gas, ivhile the rest are 
brown and idle-looking, it is pretty fair 
evidence of irregular and insufhcient 
contact, or else of some great dis- 
crepancy in the age or make of the 
plates. This point also is one that was 
not attended to in the early stages of 
manufacture; plates were made for 
stock, and cells were made up with 
plates of all ages selected at random 
from the store. Directly uniformity is 
perceived to be essential, this is re- 
cognised as obviously bad. Plates 
intended to work together should be 
of the same age and make ; and, inas- 
much as keeping does not improve them, 
the best plan is not to make for stock, 
but to keep material ready, and then 
quickly make up as wanted. Plates in 
work deteriorate slowly, but they are 
wearing out in the fulfilment of their 
proper function ; plates in idleness de- 
teriorate as quickly, and they are rust- 
ing out in fulfilment of no function at 
all. Worn-out plates, however, are by 
no means valueless. Lead material has 
a well-recognised price, and if attention 
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were given to the subject, it is probable 
that decrepit and useless plates might 
be made to yield a very large per- 
centage, if not the whole, of their 
original lead. For it must be re- 
membered that plates deteriorate not 
by waste but by accretion: an old 
plate contains as much lead as a new 
one, but it contains it with the addition 
of oxygen and sulphur ; no longer a 
tenacious coherent frame, but a crum- 
bling mass of incoherent powder. 

The age of plates is a point of vital 
interest, though but little is known as 
to the possibilities in this direction at 
present. A year may be regarded as a 
fair average age at the present time ; 
but this is a low rather than a high 
estimate. Thick • plates are found to 
last far longer than thin, which is only 
natural when it is remembered that the 
wearing out is due to corrosion, that 
corrosion proceeds mainly from the 
surface inwards, and that the internal 
portions of a thick plate are to a great 
extent protected by the mass of super- 
incumbent material. If it can be shown, 
as we understand it can (1), that the 
cost of materials is far more than the 
cost of manufacture; (2) that the 
worn-out material has a market value 
not incomparably less than the original ; 
and (3) that the frequency with which 
plates have to be renewed is not such as 
to cause much inconvenience ; then we 
hold that the first stage of the dura« 
bility difficulty has been overcome. 
Much more may be hoped for in this 
direction as experience increases, and it 
is not extravag<'int to hope that a well- 
ribbed, properly-clamped, and fairly- 
treated thick plate may last as long as 
5 years before it becomes disintegrated. 

It is evident, however, that in a 
region where pure experiment is pre* 
eminent, and where the units of time 
are mpnths and years, instead of hours 
and days, the accumulation of ex- 
perience is a slow and tedious process. 
It is no use making statements involv- 
ing periods of 5 years when no one has 
had the present improved fovm in use 
for so much as 6 months. Nevertheless 
it is posaibU to see that the present cells 



are better than their predecessors ; and 
as their predecessors have lasted in good 
condition for a year and more, it is not 
presumptuous to indulge in well- 
founded hopes. Many of the difficulties 
connected with the early forms of 
battery were aggravated by Utopian 
notions concerning intenial resistance 
and compactness. The internal resist- 
ance of a cell was so beautifully small, 
that the manufacturers were tempted 
to diminish it still further by putting 
the plates far too close together. ^ or 
-;\y in. interval is well enough if the 
plates had been hard rigid slabs of 
. perfect flatness ; but it was madness to 
pack'flexible lead plates full of compo- 
sition certain to swell and liable to 
drop out so near together as this. 
Security and dependableness were 
sacrificed to a natural desire for sudden 
and Utopian perfection. We may hope 
that thes» lessons have been profited 
by, and that the manufacturers perceive 
th'at confidence and seourity are the 
first conditions of success, and that 
minutiae as to the number of naughts 
before the significant figures in the 
specification of resistance begin, though 
those also are of importance in their 
turn, are yet of quite secondary con- 
sideration. Moreover, this packing of 
the plates so closely did not really do 
much to secure the result desired ; the 
greater part of the resistance of half 
run-down cells is not in the liquid 
between the plates, but in the surface 
or scum separating each plate, and 
especially each negative plate, from the 
liquid, and hence putting the plates a 
safe distance, say ^ or J in. apart, exerts 
an effect on the total resistance which is 
certainly far more than compensated by 
the ready opportunity thus afforded for 
access by both sight and touch. The 
old opaque boxes, choke full of plates, 
with slight rubber bands between them, 
were started and left to Providence. 
No one could see what went on, nor 
could one readily get at anything to 
rectify what was wrojig. In the pre- 
sent glass boxes properly arranged on 
accessible shelves, with only plugs or 
8tu4s between the plfttes, clear vision 
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through the cell in any direction is 
easy, and accidental obstruction not 
only very seldom occurs but if it does 
it can without difficulty be seen and 
removed. But it must be granted that 
these boxes are less compact than their 
predecessors, and for some purposes, 
such as locomotion, compactness is of 
the first importance. 

We have spoken mainly of difficulties 
connected with the positive plates, and 
have said nothing concerning the nega- 
tives. It is not that these are not 
susceptible of improvement, but their 
faults have been of a less imperious and 
obtrusive nature. They are not perfect, 
but they do fairly well, and there has 
been little need to worry much about 
them until the extraordinary behaviour 
of positives had been taken in hand and 
checked. The time is coming to attend 
to these also. They fail not from ex- 
uberance, but from inertness. As they 
grow old they do not swell, and warp, 
and burst, and crumble, like the posi- 
tives, but they grow quietly hoary, and 
serenely decay. The composition in a 
worn-out negative consists of white 
sulphate through and through, but the 
frame remains intact, and it conse- 
quently never falls to pieces, nor does 
it swell. Impurities in the acid used 
tell upon a negative plate — ^nitric acid 
is fatal. Acid much too weak or very 
much too strong is also deleterious, and 
idleness is bad. The difficulties con- 
nected with negatives mostly depend 
on their aggravating property of always 
requiring a quite opposite treatment to 
positives. The less a positive is formed 
and overcharged the better. A negative 
delights in complete formation and fre- 
quent overcharge. In recognition of 
this it is now customary to form them 
separately and to give the negative a 
thorough dose of hydrogen without 
commencing the corrosion of the posi- 
tive by an overdose of oxygen. When 
the discharge from a cell begins to flag, 
it is the resisting scum of sulphate that 
has formed over the negative plate 
which is responsible for the flagging. 
The true E.M.F. of a cell is wonderfully 
constant throughout the whole dis- 



charge ; but the internal resistance is 
all the time increasing, at first very 
slowly, ultimately, towards the end, 
with a rush. One such run-down cell 
in the midst of a lot of others therefore 
obstructs tbe current terribly. If only 
a series of cells could, with certainty, 
be made to work together uniformly, if 
a series of cells could behave as well as 
some of the cells in it, no otie would 
have cause to complain.— (i^^a/tire.) 

Repeated experiments have shown 
that the capacity of a secondary battery 
cell varies with the rate at which it is 
charged and discharged. For instance, 
a cell, such as used on street cars, gave 
a useful capacity of 137 * 3 ampere hours 
when discharged at the average rate of 
45*76 amperes, and this same cell 
yielded 156*38 ampere hours when 
worked at the rate of 22 * 34 amp^es. 
At the commencement of the discharge 
the electro-motive force of the battery 
was 2 * 1 volts, and this was allowed to 
drop to 1 * 87 volts when the experiment 
was concluded. The entire active 
material contained in the plates of one 
cell weighed 11*5 lb., therefore, the 
energy given off per lb. of active sub- 
stance at the above high rate of dis- 
charge was 62*225 ft.-lb., and when 
discharging at the lower rate of 22 * 34 
amperes, the available useful energy 
was 72 * 313 ft.-lb., or nearly 2 * 2 electri- 
cal H.P. per lb. of active matter. But 
this active substance has to be supported, 
and the strength or weight of the sup- 
port has to be made sufficiently great 
to give the plate a definite strength and 
durability. The support of the plates, 
inclusive of the terminals above referied 
to, weighs more than the active 
material, which consists of peroxide of 
lead and spongy lead, so that the plates 
of one cell weigh actually 26*5 lb. ; add 
to this the receptacle and acid, and you 
get a total of about 41 lb. per cell when 
in working order. 70 of these cells 
will propel an ordinary street car for 
4^ hours, whilst consuming the stored 
energy at the rate of 30 amperes, or 
over 5*6 electrical H.P. The whole 
set of 70 cells weighs 2,870 lb., which is 
barely ^ of the entire weight of the car 
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when it carries 40 adalt passengers ; 
therefore,^the energy wasted in propel- 
ling the accumulator along with a car 
does not amount to more than 20 per 
cent, of the total power, and this can be 
afforded so long as animal power is the 
only competitor. From numerous and 
exhaustive tests with accumulator cars 
in this country and abroad, I have come 
to the conclusion that the motive power 
ibr hauling a full-sized street car for 
15 hours a day does not exceed Vs., 
and thia includes fuel, water, oil, attend- 
ance, and repairs to engine, boiler, and 
dynamo. We have thus an immense 
margin left between the cost of electric 
traction and horse traction ; and the 
last objection, that relating to the 
depreciation of the battery plates can 
be most liberally met, and yet leave 
ample profits over the old method of 
propulsion by means of animals. 
(Reckenzaun.) 

Telephones. — (a) A good working 
telephone may be made as follows: — 
Make 2 tin drums 6 iu. ^ameter and 
4 in. deep. They should have a heavy 
wire formed in same as ) gal. cup. The 
wire should not be Jess then No. 9. 
Take raw hide that has been divested of 
hair, stretch it over the drum while 
wet, and bind it on with a small wire ; 
let it remain till perfectly dry. A 
very thin hide, such as squirrel, cat, 
coon, is the best. Thick hide will not 
work well. Now to erect your drum, 
wire, &c. ; having set your posts and 
put up your insulators, which may be 
made of wire and suspended from arms 
which have been nailed to the posts, 
bore a hole in the wall where the drum 
is to be placed, run the wire through 
your drum and through the raw hide in 
the centre, having a button ready. 
Pass the wire through the eye of the 
button and back through the drum 
and twist tightly, letting the button 
go, resting it on the hide. Put up the 
wir^ at the different insulators (string 
loop suspenders) till it reaches the 
other end of the line ; then proceed to 
do as at first. If the wire has been 
properly stretched, and all the work 
has been done as it should have been 



done, you will have a good and cheap 
telephone. No. 18 copper wire for 
main line should be used. (^American 
Artisan.) 

(6) I have been for some time engaged 
in endeavouring to arrange a telephone 
switch-board and telephone transmitter, 
which should be simple, easy of con- 
struction, effective in operation, and 
not an infringement of any patent. I 
believe that I have fully succeeded in 
all these objects ; a patent for the ar- 
rangement could only be valid as for a 
particular combination of parts, and as 
the combination of parts is susceptible 
of so many variations a patent would be 
practically useless. The following de- 
scription will enable any amateur to 
make them : — 

Switch- Board, — Take a piece of 
< mahogany 8 in. by 4 in. by 1 in., plane it 
up and varnish it. On the top, at a 
distance of f in. from the top, fix 7 
terminals, ^ in. apart. These are num- 
bered in Fig. 131, 1, 2, 3, 4, 5, 6, 7, and arc 
for the following connections : 1 2 3 are 
connected together by the brass plate as 
shown ; 1 is connected to the return 
line or earth wire ; 2 to the zinc pole 
of the battery; 3 and 4 to the bell 
wires ; 5 to the carbon pole of the first 
cell ; 6 to the carbon pole of the last 
cell ; and 7 to the line wire. P is a 
strip of brass with the knob K at the 
lower end ; it is secured by 2 screws at 
the upper end, and is then bent upwards 
so as to press against the bridge B, 
which is a strip of brass secured by the 
screws at each end, each of which screws 
passes through a piece of brass tube 
which keeps the plate B about \ in. from 
the board. The piece P is connected by 
a wire underneath the board (all the con- 
nections are made underneath), with 
the terminal screw 7. Under the knob 
E is a screw with a flattened head, 
which is connected with terminal screw 
6 ; this constitutes the ringing key. H is 
a piece of l^in. brass rod with the hook at 
the bottom, and the round brass disc D 
about -^ in. diameter, soldered about \ in. 
from the upper end; this rod works 
freely up and down through the two 
pieces of angle brass A. S is a spiral 
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spring of brass wire which, when the 
telephone is taken off the hook, caases 
this rod to rise, and the disc D then 
presses the thin pieces of hammer- 
hardened brass G against the upper 

131. 




Switch-board. 

angle brass A. In order to ensure a 
good contact, this strip of brass C is 
slightly canted at the end so as to give 
two rabbing contacts, one against the 



disc D and the other against the upper 
angle brass A. When the telephone is 
on the hook, the disc D rests on the 
piece of brass B, which acts as a contact 
and as a stop. The total play allowed 
to D is about -^^ in.; the 
lower angle brass A is con- 
nected with the bridge'B ; the 
piece of brass R is connected 
with the terminal 4 ; and the 
thin piece of brass C with the 
upper hinge. T and T* are 
brass screws to which the flex- 
ible wires of the telephone 
receiver are attached; T is 
connected with terminal 5, 
and T^ with the lower hinge. 
M is merely a piece of ma- 
hogany to which the pieces 
C and R are attached. 

We now require a square 
frame of ^ in. mahogany, 
4 in. square in outside mea- 
surement, and If in. deep; 
apertures are cut in the 
bottom side of this to allow 
the rod H and the ringing 
key P to move freely. This 
case is attached to the hinges 
marked, and with a face piece 
of pine about -^ in. thick, boxes 
up the whole of the appa- 
ratus, leaving only 2 in. of the 
board at the top, and the 
same at the bottom un- 
covered ; a small plate of 
brass is screwed to this box 
opposite to the hinges, and 
one screw into the switch- 
board prevents the box from 
being opened. 

To the centre of this piece 
of pine the microphone trans- 
mitter shown in Fig. 132 is 
attached. 

This microphone ' is thus 

constructed : — Take a piece of 

pine about -^^ in. thick, ^ in. 

wide, and 1| in. long ; remove 

part of one edge so as to leave 

a projection as shown, and about -^^ in. 

deep and -^ in. square, by which it is 

attached to the centre of the pine face of 

the box ; put a sawcut down through it 
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be paiallel, UtcI, and a I _ 

in. apart; the wire from one 
carboQ it takes to the top hinge, 

binge. Some of the carbon rods 
HOT sold have a coating of i;laze, 
which IS almost a noa-condactor, 
Alwaj-s remoTe this with emery- 
paper. This piece of pine with 
the carbons attached U now 
screwed to the centre of the pine 
rover of the box, and care must 
be taken that it doei not tonch 
anywhere else, and ig not touched 
bj anything The microphone is 
completed by mailing two tmall 
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hale in the 
centre of each ; a tndfet match 
or other small piece o( light wood 
11 then liled or sand-papered 
down until it is aa amail as A 
knitting-needle, and niil just go 
'into the hotea in thtcarbon cones. 
In one carbon cone, pnt a piecs 



a of this wood aboDt I in. long, and 
in the other carbon cone a piece 
about j in. lung, and round the 
bottom of each of these pieces of 



mcroiilKiiie tnnsBtltter. 

than A in. wide ; drill a small hole in 
the middle of each recess ; bend a narrow 
piece of very thin sheet brass over the 
top of each arm or leg of the piece of 
pine ; solder a wire to each piece of 



wood put a small ring of lead 
wire; they are then put in posi- 
tion on the carlwn reds, and ap- 
pear as shown in Fig. 132, end 
view, where E is one of the hori- 
tODtal pieces of carbon rod, and 
K the carbon cones; they should 
oscillate freely. Cut these carbon 
cones from -^ in. rod. 

1 have long been of opinion that 
the hard carbon microphone 
works by make-and-break as com- 
pletely as the Morse tapping key, 
and that the suggestions as to 
minute arcs, &c., were unwar- 
ranted by facts. 1 have also 
satisfied myself that the Bell tele- 
phone or my clear-speaking telephone, 
and certainly the latter, will reproduce 
human speech when actuated by an 
intermittent current, or current of 
snilden impulses, and that the idea that 
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what Bell describes as an undulatory 
current is essential to the reproduction 
of human speech, is altogether unten- 
able. I wanted to get rid of the spark 
so often seen in a microphone when a 
strong battery is used, and which has 
been the subject of so much learned 
writing. I believed that this spark was 
merely due to the well-known ** extra 
current," and I determined to try the 
plan that has for very many years been 
in use for getting rid of the spark at 
the contacts of electric clocks and 
other apparatus. I therefore made a 
resistance coil of 54-55 ft. of No. 36 
B.W.G. German-silrer silk-covered wire, 
which gives a resistance of little more 
than 100 ohms. I connected the ends 
of this resistance coil to the two hinges ; 
no spark is perceptible, and the articu- 
lation with my clear-speaking telephone 
as a receiver, is as nearly perfect as 
anything I have met with In the tele- 
phone line. This coil is fastened inside 
the case above the hinges by a small 
screw. 

1 do not advise the use of induc- 
tion coils with t]'ansmitters, and the 
above-described switch-board must be 
altered and made more complicated if 
they are used ; but the arrangement is 
suited for any good receiver. In con- 
necting up two stations, it will, of 
course, be remembered that the battery 
connections at one station must be 
reversed; that is, the carbon wire 
attached where I have directed the zinc 
wire to be attached, and the zinc wire 
<ittached where I have directed the 
carbon. 

For" battery power, I find that the 
battery required to ring a fairly good 
ordinary bell works this arrangement 
well ; thus, if two Leclanch4 cells ring 
the ordinary bell nicely, then put one 
Leclanch^ cell at each end of the line 
in circuit with the telephone ; if three 
Leclanch^ cells are required to ring the 
bell, then put two cells at one end of the 
line, and one cell at the^other end in 
circuit with the telephone. 

^ I have omitted to mention that out- 
side the pine cover to which ^he micro- 
phone transmitter is ^zed, I scfew by 
5 



its 4r corners a piece of cork 3} in. 
square and about } in. thick, with 
a f in. hole punched out of. the centre. 
This damps all the sound vibrations, 
except where they are alone required, 
that is, in the centre where the micro- 
phone is attached, and is a great 
improvement. 

Simplicity and efficiency I have alone 
had in view, and I believe that anyone, 
amateur or professional, who may try 
this arrangement will say that 1 have 
fully succeeded ; whilst as to cost, this 
switch-board and transmitter can be 
made and sold with a fair trade profit for 
about 15s. (H. B. T. Strangways). 

Welding. — (a) The history of elec- 
tric welding extends over a much longer 
period of time than is generally sup- 
posed. Some years ago. Prof. Elihu 
Thomson, among experiments by which 
he intended to prove the substantially 
identical nature of electrical energy 
under any and all circumstances, re- 
versed an ordinary Ruhmkorf induction 
coil, showing thereby the difference of 
potential between the current in the 
primary and that in the secondary of 
the coil. In performing this experiment 
he brought the terminals of the coarse - 
secondary winding of the coil into 
contact, and was surprised to notice 
that a high degree of temperature was 
reached instantaneously at the point of 
contact — in fact, such a high degree of 
heat that the ends were stuck quite 
firmly together, the copper wire being 
actually melted, so that it required 
considerable force to separate them. 
Later, in the course of manufacturing 
electric-lighting apparatus, it became 
an imperative necessity to discover 
some means of having more perfect 
joints in copper wire than could then 
be obtained. Then his mind reverted 
to the old experiment, and electric 
welding became an assured art. This 
discovery was made several years prior 
to the building of a welding machine. 
Subsequently Prof. Thomson designed 
and built a small machine with which 
to weld fine wires. The experiments 
with this apparatus were so successful 
that the inventor decided to build larger 
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and better apparatus, and experiment 
further with a view to welding, if 
possible, much larger pieces of metal. 
These experiments were also successful, 
and the invention has been much 
further developed in the past year or 
two. 

The principle involved in the Thom- 
son process of electric welding is very 
simple, as indeed is most of the appara- 
tus also. The Thomson process of 
electric welding consists simply in 
forcing through the pieces of metal to 
be welded currents of such large volume 
that these pieces can carry them with- 
out heating. Now, when the pieces are 
placed in abutment, the point of greatest 
resistance is where they contact with 
each other, and it is of course at this point 
that the heat is first generated. The 
instant heat is generated at the point of 
contact, the resistance at that place 
enormously increases, and a consequent 
mope rapid development of heat is the 
immediate result. The metals are 
consequently raised to a high welding 
temperature in a very remarkably short 
space of time, and upon a slight 
pressure being applied to force the 
pieces together, a perfect welding is 
effected. 

The field that is open for the process 
of electric welding is surprisingly vast. 
One of the most important reasons why 
electric welding is making way so 
rapidly is that the heat generated by 
the current is the only pure heat 
known. The blacksmith, when welding 
with either a gas furnace or a coal fire, 
is constantly running the risk not only 
of burning his metal, but of introducing 
into it foreign matter in the form of 
gases which are very deleterious to the 
substances of either iron or steel, which 
are the principal metals worked by 
blacksmiths. The heat generated by 
the electric current is absolutely free 
from all foreign and harmful substances. 
Again, the heat effected by the current 
is under perfect control, and can be 
made entirely automatic. The heat can 
be be^un, and a stop put on the appa- 
ratus which will control the heat 
perfectly. 



Then, welding by the Thomson pro« 
cess is a much neater and quicker 
operation ; also, no skilled labour is 
necessary to operate an electric welding 
apparatus. A young man not knowing 
anything of the conditions under which 
different metals should be welded, in a 
very short time became so expert in 
handling these machines that he can 
now, on the first trial, make perfect 
welds in any of the ordinary metals 
and in almost all varieties of steel, 
including even Mushet and manganese 
steels. 

" There are hundreds of applications of 
the process. As an example of small 
work, the welding of gold rings is an 
assured success, making a better joint 
than is now made, doing away entirely 
with soldering, and in its place making 
a continuous gold ring ; the work is 
accomplished in about ^ of the time; 
and soldering material is saved, an 
enormous wasting of heat is done away 
with, and the dangers of burning gas 
are entirely obviated. 

As an example of somewhat larger 
work, there is the welding of axes. 
The axe is made of a body of ordinary 
wrought iron, to which is welded an 
edge or face of fine tool steel, tempered 
and toughened. The pieces of metal, 
before welding, have to be prepared 
somewhat in this manner. That is, a 
groove is cut in the body of the axe 
while a taper is cut on t]ie face or 
blade, the latter being set into the 
former and the pieces welded in this 
position. Now, in electric welding this 
preparation is done away with. 

As an example of much larger work, 
take the welding of pedestals and loco- 
motive frames. This is an entirely 
different class of work. The pieces 
have to be carefully prepared, a raised 
portion being left on the base or edge 
of the frame, and a taper groove being 
cut in the pedestal, so that it may fit 
down over the raised portion referred 
to. In the first place, on locomotives 
are 5 or 6 copper rings, the wire com- 
posing which is of small diameter. The 
joints in these rings are at present 
made with a blowpipe flame, and it 
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takes an expert some 4 or 5 miDutes to 
make a single one. Electricity can 
make them in as many seconds. There 
are also on each one of these loco- 
motives at least 150 joints in iron, 
from i in. area of section to several in. 
area. Now, it takes 4-15 minutes to 
make these joints by the ordinary pro- 
cess ; electricity can do the work in at 
least ^ of the time. There are on each 
locomotive 4 frames, each frame having 
on it at least 2 — sometimes 3, 4, and 5 
pedestals. Suppose that the average is 
3 pedestals per frame. That makes 12 
pedestals to the locomotive. To pre- 
pare the ends of the pedestals and the 
taper on the base of the frame takes 
some 40 minutes. They have to be 
heated and hammered into shape while 
hot. After they are prepared in this 
manner they have to be reheated to a 
welding temperature, placed under a 
steam hammer and welded, this last 
operation requiring 30-40 minutes. 
(0. K. Stewart.) 

(6) Although large structures of 
wrought iron and of mild steel commonly 
have their parts united by bolting or by 
riveting, and although much ingenuity 
has been expended in so arranging and 
proportioning riveted joints as to 
obtain, in the joints, the greatest per- 
centage of the strength of the material, 
nevertheless, cases occur in all struc- 
tures where the union of these metals 
by welding becomes almost a necessity, 
or if not a necessity, a matter of con* 
yenience and economy. Wrought iron, 
in addition to its many other merits, 
has the merit of being, par excellence, 
the weldable metal; mild steel also 
possesses this merit, but nevertheless 
there is always a feeling of doubt about 
a weld, although welds are of necessity 
largely trusted. No better illustration 
of this can be given than that of a 
common chain, each one of its manifold 
links having a separate weld. In the 
early days of making suspension 
bridges, the links, unless the wasteful 
process of cutting away a large portion 
of the bar was resorted to, were made 
by forming the eyes separate from the 
bar, and by welding them on. To 



obviate these difficulties, as long ago as 
1845, Howard devised a plan which, 
while avoiding the necessity of welding 
on the eyes, avoided also the waste of 
material before alluded to. Within the 
last few years a plan of " upsetting " 
the ends of the bars by mechanical 
means, so as to obtain the requisite 
material for the formation of the eye, 
has been introduced in the United 
States. Although imperfection in a 
weld may arise from insufficient heat, 
or indeed from an excess of heat, or 
from the application of inadequate 
power to bring the heated surfaces 
together, probably by far the greatev 
proportion of defective welds arises 
from the presence of some foreign body 
between the surfaces to be welded, or, 
as it is expressively called, " dirt " of 
some kind or another. Attempts have 
been made to obviate these difficulties 
by employing gaseous or liquid fuels, 
and, in rare cases, by the removal of 
the oxide of the metal from the sur- 
faces, by turning or planing. The 
welds that were successively employed 
for the welding of railway tires in the 
days prior to the present system of 
making these tires by continuous rolling, 
and in the hoop form, comprised an 
ordinary scarf weld, bird-mouth welds 
in both directions, single-wedge welds, 
and double-wedge welds. In all these 
cases hammering was employed ; but 
for carriage tires, at all events, the 
butt-weld was used. In the early days 
of wrought-iron ordnance, where it was 
desirable to have in one piece a 
wrought-iron tube, so long in relation 
to its diameter that it would have been 
difficult to have welded it up as a 
single coil, it was made by welding two 
coils together, each of about half the 
length of the desired tube. It need 
hardly be said that every one of the 
modes of heating employed involved 
that the heat should proceed from the 
outside inwards. There were also tho 
chances of inadequate heat; of an 
excess of heat ; and, as has already 
been stated, of the presence of ** dirt " 
in the weld. Moreover, there was the 
difficulty of Mcertaining to what state 
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he heat had attained ; commonly in 
small welds the pieces were withdrawn 
from the fire, with the consequent risk 
of picking up " dirt " during re-intro- 
duction. Among the desiderata for 
heating for welding purposes, the mode 
adopted should admit of uniform heat- 
ing throughout the sectional area to be 
welded ; it should admit of absolute 
regulation of the heat ; it should be 
free from the possibility of introducing 
either particles of fuel or gases between 
the welding surfaces, and it should 
admit also of complete inspection dur- 
ing the time the heating is going on. 
All these desiderata are afforded by 
electrical heating. As regards the 
power of an electric current in passing 
through subst&nces to develop heat, the 
most familiar instance is probably that 
of the carbon filament of an incan- 
descent lamp, now so largely used in 
theatres, in clubs, and in private houses. 
It is common knowledge that electrical 
energy is compounded of electro-motive 
force or potential, or preferentially 
'< pressure,*' multiplied into the amount 
of the current, or the pressure multi- 
plied into the quantity. Whenever this 
electrical energy has to pass through a 
conductor, the resistance of that con- 
ductor to its passage destroys a certain 
portion of the electrical energy, which 
energy so destroyed reappears in the 
form of heat, and must appear in the 
very conductor which has been the 
cause of the destruction of the electrical 
energy. Therefore the amount of heat 
produced must b§ that w^hich was the 
thermal equivalent of the electrical 
energy destroyed. What the tempe- 
rature would be, and in most cases it 
was the temperature reached by the 
conductor, as the result of the passage 
of a given quantity of current, which 
is of importance, depends not only upon 
the heat-units produced, but upon 
other considerations. Although electric 
energy is represented by the multipli- 
cation of the pressure into the current, 
it will be found that the heating effect 
of any given current is independent of 
the pressure, and that the heat pro- 
duced is in proportion to the current 



employed. As regards the heating 
effect of any given current upon 
different materials, if there were an 
absolutely perfect conductor, whidi 
offered no resistance to the passage ot 
an electric current, no amount of elec- 
trical energy could heat it, because no 
extent of conductor could destroy any 
part of that electrical energy. On the 
other hand, in the case of a material 
absolutely impermeable to an electrical 
current, it need hardly be said that no 
heating could result, as no current 
could pass. Fortunately, the materials 
commonly welded, iron and steel, hold 
a very happy position as conductors in 
the scale of metals for the purpose of 
being electrically heated. The elec- 
trical resistance of metals increases, 
however, with an increase in their 
temperature. This question of the 
increase of resistance due to increase of 
temperature has been investigated by 
Dr. Hopkinson, and the results obtained 
have been published in the Philosophical 
Transactions for the year 1889. This 
increase of resistance to the passage of 
the current, as the temperature in- 
creases, fs of great utility in electrical 
welding. Consider the two ends of 
bcirs to be welded ; mere ordinary 
rough surfaces ; the first contact is 
made upon numerous points, through 
these the current passes, and they be- 
come rapidly heated, and offer more and 
more resistance. As endway pressure 
is applied, the surfaces in contact be- 
come of larger and larger area, until all 
are heated up uniformly. The greater 
current seeks those parts which, 
although in contact, are at a lower 
temperature, and this goes on until 
contact and uniform temperature are 
obtained. Having regard to the fact 
that the particular form of electrical 
energy needed for imparting heat is 
that of large current and low pressure, 
it will be seen that there is very great 
difficulty, amounting almost to a com- 
mercial impossibility, of transmitting 
electrical energy in such a form over 
any but very short distances, for, 
unless the conductors were of enor- 
ilfious sffse, they theipselves would be 



iDJarioDilj' heated by the pasuge of the 
current ; and, moreover, the preuure 
required to drive these large currents 
through ttDj ccQ&idenble leDgtti of 
conductor would be so large a per- 
centage of the working prSEiure as to 
ndd verj grestlrto the power required. 
For Iheee reHaons it is desirable that 
the electrical energy nhouLd only late 
the form of large current and low pres- 
sure in the very neighbourhood of the 
welding-machina itself. In all prob- 
nbilitr the groat use of electric welding- 
laachinea ironld be for uniting pieces of 
■pecial and difficult forui, and for deal- 
ing with refractory nietala — refractory 



which hare been broken 
best steel for 
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have many uses in the arte, ir 
ing pieces for Lraiing, f,.r einmping, 
and in a variety of other ways ; in fact, 
there can be no doubt that the exist- 
ence of such a machine will itself give 




in the sense that they da not lend 






purpose of reproducing faithfully and 




constantly a set of conditions necessary 






welding machines is in use, shutting on 


conditions in any case are few, and the 


eyea to screved rods of some J, in. 


product aimple. generally one design of 




machine will be sumcieot. With an 


the acKw, which is in no way injured 
in the process. It has also been 




ever, the compleiitv of the appara- 


employed to weld ends to tubes, to 


tus increases rapidly, and demands, in 


many cases, anbdiiision into different 



procosHH to ba eiscuted b; wparBt* 
niBcbJiieTy. What coutitntes skill in 
a working man, for inbtanoe, 1b the 
abilitj' co-ordinatelf to reproduce a 
namber of operations or moFements ; to 
be, in other wordi, a perfect machine, 
ot to produce the wma teiult, even if 
othei conditione than those previouslj- 
coDtemplated should arise. 



pointa and lov condactiTit;' for lieal^ 
easily fnaibU metala, aud especially 
good condactan, baffle all attempts aa 









The electric welding process hai not 
only made it possible that operators 
not particularly sliilted in the art of 
blsdumithing can produce good tub- 




I^ectilo welding appintos. 



To secure uniform results in the 
practice of a difficult operation, therr 
are two ways possible. 

1. To employ skilled help for the 
complei portion of the work alone. 

2. To substitute for the more complex 
portion of the operation, one more 
readily controlled. 

The ordinary nelding process requires 
the greatest skill at the hands of the 
bhicksmith for heating the metals to the 
proper temperature sni! at the right 
spot, while prevenling the accumnlation 
of cinder or scale. While skill may be 
aucceaiful with metala of high melting 



The following are all the metals, 
alloya, and combinations so far actually 
iTflded with success by the Thomson 





Metaia 


Wrought iron. 


Tin. 


Cast iron. 




Malleable iron. 




Wrought coppe 




Cast copper. 
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Aluminium. 

Silver. 

Platinum. 



Gold (pure). 

Manganese. 

Magnesium. 



Alloys. 



Various grades of 

tool steel. 
Vanous grades of 

mild steel. 
Steel castings. 
Chrome steel. 
Mushet steel. 
Stubs steel. 
Crescent steel. 
Bessemer steel. 
Cast brass. 
Gun-metal. 
Brass composition. 



Fuse metal. 
Type metal. 
Solder metal. 
German silver. 
Aluminium alloyed 

with iron. 
Aluminium brass. 
Aluminium bronze. 
Phosphor bronze. 
Silicon bronze. 
Coin silver. 
Various grades of 

gold. 



COMBIlfATIONS. 



Coppfer to brass. 
Copper to wrought 

iron. 
Copper to German 

silver. 
Copper to gold. 
Copper to silver. 
Brass to wrought 

iron. 
Brass to cast ih)n. 
Tin to zinc. 
Tin to brass. 
Brass to German 

silver. 
Brass to tin. 
Brass to mild steel. 
Wrought iron to 

cast iron. 
Wrought iron to 

cast steel. 
Wrouffht iron to 

mild steel. 



Wrought iron to 

tool steel. 
Gold to German 

silver. 
Gold to silver. 
Gold to platinum. 
Silver to platinum. 
Wrought iron to 

Mushet steel. 
Wrought iron to 

Stubs steel. 
Wrought iron to 

crescent steel. 
Wrought iron to 

cast brass. 
Wrought iron to 

German silver. 
Wrought iron to 

nickel. 
Tin to lead. 



But Prof. Thomson was not satisfied 
with his progfess made above ordinary 
welding ; he early recognised the im- 
portance of a machine in which all 
conditions for successful operations are 
mechanically controlled to produce 
uniform results, work rapidly, and 
require little or no attendance. 

Such machines, now known as auto- 
matic welding machines, have proved to 



be of special importance in connection 
with easily fusible metals, enabling the 
successful welding of aluminium, silicon, 
and aluminium-bronze, which require, 
even with the electric process, con- 
siderable skill. 

Before entering into a detailed de- 
scription of the automatic welder, a few 
general data on welding will be in 
order. 

The Thomson process of electric 
welding can be and has been worked by 
means of continuous or alternating 
currents ; secondary batteries or unipo- 
lar machines may be and have been used. 
There are such conditions as transporta- 
bility, absence of motive power, situa- 
tion in continuous distribution district, 
&c., which may make it advisable to 
use the continuous current. The alter- 
nating currents, however, have so fkr 
been found the best adapted to be eco- 
nomically produced of large volume at 
low E.M.F. They are easily and eco- 
nomically controlled, and allow of being 
distributed at high pressure with small 
conductors, and of being reduced to 
working pressure wherever needed. 
They have, however, another beneficial 
effect, which is of importance in all 
welds of large sections. 

It is a well-known fact among manu- 
facturers of incandescent lamp filaments 
of large section that the inner portion 
in a filament is apt to be overheated. 
In treating filaments as used in the 
commercial series lamp, in hydro-carbon 
atmosphere, the writer once thought of 
producing a specially good quality of 
carbon by starting with an extremely 
thin base *004 in. thick, and obtaining 
a filament 90-95 per cent, of which 
consisted of hard, grey, lustrous carbon. 
His idea was also to extend this process 
to the manufacture of arc light carbons, 
and even produce pencils of about ^ in. 
diameter. What was his surprise, 
however, to find that although the 
lustrous surface presented at all times 
a dense grey structure, the core lost 
this character after a certain thickness 
of carbon had been deposited. In fact, 
a number of concentric layers would be 
discovered, from the inmost graphite to 



ths dense grey, ecmi-cr;*titIUiie nt the 
outiide. 

Thii Bction can in mr mind cmly be 
attributed to the over-heatiag of the 
carbon psrtidea in the iDaide. Aiimilar 
action take* place in a bar of iron if 
heated by an electrio/cnrrent. The 
anrface exposed to radiation will lie at a 
loner temperature tiian the core. It is 
traa that the heating of the metal will 
increaea its lesietsnce and thus tend 
to equalise the temperature, but not 
enough in all cases. By the use of 
altetnatiag currents we gain, howeFer, 
an assistBBoe in the self-induction. The 
effect of the Utter is especially marked, 
and has a tendency to coacentrate the 
heat on the surface. 

If there la any plcice that Teceires 
more current than another, the effect 
of the self-induction is emphasised by 
the bet that the aurronnding part is 
cool, and its permeability is greater 
than the part traver^d by the surplus 
of current. With Tcry large and 
espeojally wide metal piecea the uneven- 
ness of distribution may be remedied by 
approaching iron masses to create at a 
giren spot a greater self-induction or 
counter E.M.F., thus diverging the 
current from thatsection. Prof, Thom- 
son has early recognised the importance 
of, anil has patented, a device to prevent 
the heating of the metal at a given spot 
by creating locally increased self-induc- 
tion or magnelic effects. . 

In view of this, it is interesting to 
note the paper controversy between 
parties disputing the priority of a de- 
vice that is to produce eiactlj the 
opposite resnlt, with, however, the same 

Two methods of distribution are in 
use: the direct and the indirect. In 
the former an alter aatiog current 
dynamo u nsed, having two windings 
on the armature, one of which furnishes 
ciureDta rendered continuous by a com- 
mutator to excite the iield msgneta, and 
is controlled by switch and rheostat; 
the other consisting of a single turn of 
heavy copper cable furnishes the weld- 
ing currsnt, which is led through 
collector and brushes to movable copper 



clamps suitable to receive and guide 
the welding specimens daring the 

In some other forms the Reld-magaet 
is the movable part, in which case no 




heavy currents hare to be carried 
through collector and brushes. No 
direct welders are built nt present for 
currents larger than 4000 amperes. 

The indii-ect method of distribution 
is almost eiclusifcly used to-day. It 

alternating current dynamo, self or 
separately eicited, and one welder that 
is a transformer, with the necessary 
clamping and operating appliances. 
Theself-eicitingdynamos used are 1000- 
20,000 watts outpnt, and may be regu- 
lated by means of a reactive coil to give 
a varying E.M.F. never to exceed 300 

They are substsntially bnilt to with- 
stand sudden strains, and have self- 
oiling bearings ; brushes are never to be 
moved andperfectlysparkless, requiring 
no other attendance but cleanliness. 

The winding on the transformer being 
one for all set, variatioD in the E.H.F. 
has to be obtained either by varying by 
hand the inilinl E.M.P. of dynamo, or to 
eicite a dynamo to the lowest potential 
required, it being so componndod as 
to give with the maximum work the 
increased E.M.F., or EaMy to maintain 
a constant E.M.F. nt dynamo under alt 
loads, and vnry the E.H.F. at the trans- 
former by interposing a variable resist- 
ance, or, preferably, self-induction. The 
transformer itseli'^ may be built so aa 
to give a different ratio of conversion, 
either by moving the primary and 
secondary relatively to each other, or 
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hj shunting lines of force by means' of 
an iron bridge between primary and 
secondary, or by altering the number of 
turns in primary and secondary by a 
switch. 

When a single plant is used — ^viz. 
one dynamo and one welder, it is the 
dynamo generally which, if separately 
excited, is regulated by means of a 
rheostat in the exciter circuit or by a 
reactive coil in series with exciting coil 
on armature if self-excited. Fig. 133 
shows the connections used with a 
separately excited machine. The only 
thing different from similar installations 
is the break-switch, which is operated by 
a foot treadle, and automatically opens 
the circuit when foot pressure is re- 

136. 




Transformer. 

moved. This prevents any mishaps 
when operated by uninitiated persons, as 
all action ceases when one leaves the 
apparatus. The primary voltage never 
exceeds 300 volts, with 100 alternations 
or 50 complete cycles per second. 
Nothing but the very best insulation is 
used in the primary wiring. It is 
deemed necessary to protect customers, 
not only against any shocks, but even 
against the scare of one, and we recom- 
mend- to permanently ground the 
secondary, which in welding apparatus 
is virtually the table and pressure 
devices. 

Fig. 134 shows the connections used 
for a self-excited composite dynamo, 
which has two windings on armature, a 
longer main and shorter exciting coil. 
Both are wound in the same direction, 
and currents generated therein pass in 
multiple commuted through the shunted 
field-magnet; after this through line 
No. 2, controlled by a break switch and 
split, one returning through reactive 
coil and line 3, the other through welder 



and line 1 to their respective windings. 
The exciting effects of each circuit add 
themselves. Reactive coil is conveni- 
ently placed near the weldftr. Dynamo 
is regulated from minimum to 300 
volts, and excited for each weld anew. 

For some work which requires to be 
done at great speed, the second method 
is resorted to ; that is, to keep the field 
constantly excited by fixing a variable 
reactive coil in a given position just 
enough to produce about 150 volts, fhe 
lowest £.M.F. required. The proportion 
of the field-magnets, the E.M.F. of 
exciting coil, and the resistance of a 
shunt to field, are such as to produce an 
over-compounding of 100 per cent, in this 
case with largest current in primary. 

This method of regulation is very 
nice, as it is absolutely automatic, 
responds quickly, the field of the dynamo 
not requiring to ** build " every time 
from residual magnetism alone. We 
sometimes call it " cubic compounding," 
as it produces a constant heating effect 
for variable cross sections and variable 
lengths as well. With this modification 
the wiring is slightly altered, the 
break-switch breaking only the main 
circuit, leaving the exciting circuit 
permanently closed. 

The methods so far described are only 
used when a single welding machine is 
to be operated. It was early recognised 
that if the process is at all to be used 
on a commercial basis, that at least the 
generating of the necessary currents 
should be limited to as few machines as 
possible. It required, in other words, a 
dynamo, giving a nearly constant E.M.F. 
of sufficient capacity to feed a number 
of welders while maintaining for each 
absolute independence. 

Since all welding for a long while to 
come will probably be operated in 
isolated plants, the dynamo is to be 
placed in the hands of an engineer 
generally, not an expert in electrical 
matters, and has, therefore, to be easily 
attended and free from all the little 
faults and kinks which are at present the 
sole consolation of the dynamo tender. 
One of its prime requirements are close 
automatic regulation under all loads. 



Cotutant poUntUI, aelf- cegulating 
dynamoB ara manurBctuied in variaua 
HEH, and are «lf-eicitiDg up to 30,000 
mitta output. Dynamos nith larger 
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responds eTen if the li 
aeif-inductivB translating devices. 

I lay aomc stress on the regulation of 
the dyoamo for the reason that the 
generator! are not ta be placed in the 
hands of special attendants, as in case 
of a central station, but bare to deliver 
their currents under constant pressure 
whatever may be the conditions of worli 
they are subjected to; even an auls- 
matle regulator would hardly be able ti 
follow the rapid variatioa of load. 

The folloiring conditions influence thi 
perfection of the work, and are variable 
with different materials and sizes : — 

1. Projection of the abutted pieces 
the path of the current. 

2. E.M,F. of welding current as cc 
trolling the strength of current flowir 

3. End pressure applied to force t 
abutting ends into each other at weldi 



5, Interruption of ci 






1. The projection of the abntted 
pieces varies with the diameter. It has 

of twice the diameter for each clamp 
gives the most economical lesulti. 
With steel and iron, the most economi- 
cal projection equals the diameter, and 
is for brass 1) times the latter. 

The projections sensibly affect tha 
energy required, and the most economi- 
cal one depends npon the heat-con- 
ducting properties aud specific resist- 
ance of the specimens. Accordingly 
high conducting bodies require longer 
projections, highly resistant ooes short 
projections. Coudactors of lareer and 
smaller diameters may bo welded by 
giving to each iU respective projection. 
In the same manner may wires of dif- 
ferent material be joined to each other. 

It is easily understood that sine* 
unequal prajectioni on different sized 




conducto f beating 

of both ^ :qua1 pro- 

jection of equal sized conductors will be 
required. All other conditions neglected, 
'~ ' it to keep the projectian 



a give 
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2. The E.M.F. required depends upon 
the projection and the resistance of the 
material to be welded. For larger 
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erou MCtion, tlis spccifis (eir-iiiductioD 
plsja an important rflle, and indirectly 
the ahape of the specimen. 

Another factor aifcctiag the E.M.F. 

material and the reaistoDce of copper 
conductor. The E.M.F. required for 
iron and steel la nearly double that for 
capper, and vould be 4 timea if equal 
projection nere used for both. 

A certain drop of E.M.F. will be 
Ibund from the clampa to ttae apecimena. 
This drop is rather low on material 
having naturally bright eurfaces, as, for 
iuatance, copper, bnus, German silver, 
a cold-rolled ' ' ' 
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especially ii 
lurfacea to ha used for contacts have n 
lieht scale left after paaaing through 
the rolls, whieb baa either to be removed 
by grinding or filing, or to be over- 
come by the E.M.F. of the current. In 
a good many cases, the iatroductiou of 
a special proceaa of cleining la deemed 
to be more eipensive than to nae a little 
eitra power to nork through the 

3. For uniformity of remit the end 
preaanre required to press the abuttiog 
each other at welding 




heat is of more importance than any 
of tbe former agenciea : this is, in fact, 
the one which controls and rectifies any 
inaccuracief in the former conditiona. If 
the preeeure neccBsary for a given Ate 
and material ia used, the weld cannot 



he performed until the metal has ac> 
quired the neceasary plaaticity to yield 
to the preasnre. If, for one reason or 
another, the E M.F. and, consequently, 
the current should have been too strong, 
the time neceasary for welding alone ia 
affected, and in thia case shortened. Tbe 
bars will, however, be united at Ihe 
same temperature and with tbe same 
may hate been 



higher or lower temperature, and by ao 
doing cause the action to be interrupted 
at an earlier or later period, u may be 

The pressure required varies with the 
and is appro limately V 



as indicated by its tieing eipressed a 
function with the surface aa one of the 

4. The interruption of the current as 
soon aa Ihe we'd is completed is im- 
portant for all easibly fusible metala. 
When two copper wires are welded 
together, the welded portion being in- 
creased in cross aectiou owing to tbe 
end pressure, if the current is not 
interrupted a lai^e portion of the con- 
ductor oa either aide of the weld, in- 
cluding the latter, becomes heated, and 
will melt and be torn aauuder before 
any pressure device could follow and 
over-briige the gap. 

The current should, therefore, he 
inteirupted as soon aa the weld is com- 
pleted It is also sometimes required 
that the parts to be welded should he 
of a cei-tain predetermined length, in 
which case the interruption of the 
current as soon aa tbe allowable dis- 
tance has been reached is eisential. 

All these conditions are maintained 
conataut in the automatic welder before 
us, which is the first commercial type 
of its kind. This welder is not entirely 
automatic in tbe strict sense of tbe 
word. The degree of automatic action 
haa to be considered for each iudividaal 



object uparatelj. Thii machiDS cou- 
taina, however, the leading features as 
cgvered bj Prof Thomsoa's pateot, with 
a few improyemeDti in mechimical coa- 
itructioD. The capacity of the machine 
ia nominally copper wira No. 6 to 
No. IT A.G. It will, howcrer, weld 
larger and smaller lizes. It weighs 
13011). complete ; the secondary is one 
solid copper casting of a ci'oss section 
resembling a holtow aqnare box with 
oaa of the tides remoTed. 

Thiscastingiifirmlyscreu'edtoaniron 
table. A lav-cut at right angles to the 
. jilane of loop creates the two pole.i, one 
inaulated trom tfae table, nnd the other 
couBtitutlDg a V-shaped bearing suitable 
to receive a sliding clamping device. 

The hollow part of the aecondary ia 
to receive the primary coil which U 
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form and insu- 


lated with special care 


Two U-shaped 


laminated iron cores 


mbrace primary 






It haa been found that the best form 




primary and aecondary coils are co- 


aiially placed on an ir 




oblige all linei of force generated by 


the former to cut thr 


ugh the latter. 


If the two windings a 


e placed side by 


side on an iron core or 


on opposite legi, 



ai shown in Fig. 135, there is a tendency 
to form consequent poles at the point 
where the two windings meet, doe to 
the lealcage of lines of force. The 
leakage will depend upon the distance 
between the two legs and upon the 
length of magnetic ciicn it. It has been 
purposely increa-^ed and turned to 
advantage by Prof. Thomson, for obtain- 
ing constant current in the secondary 
while the primary is supplied with ron- 
sUntE.M.F., Fig. 136. When, however, 
constant B.M.F. in secondary fs re- 
quired, it is important that this leakage 
shoald be decreased to a minimum. 

Various forms of secondarj may be 
employed to work consistent with the 
above principle. A few of these are 
shown in Figs 137, 138, 139, and 140, 
in which cases the secondary is pre- 
ferably a solid copper casting. Forms 
Bhown in Figs. 140 and 141, however, 
permit hard rolled copper plates to be 
nsed. 

For mechanical reasons and conveni- 
ence, forms Nos. 137 and 138 are mostly 
nsed. And actual eiperience shows prac- 
tically no leakage. This construction 
permits of removing the primary with- 
out disturbing the secondary in the 
least. It also gives the least possible 
self-induction for a given cross aectton. 

It is often found stated that when 
iarge quantities of alternating currents 
have to be conveyed through copper 
condnctors, it is important to have the 
s-ime laminated or subdivided in smaller 
condnctors to lednce self-induction. 

The shape of cross section is, however, 
far more important than the lamina- 

An eiperimenlal compound con- 
ductor, consisting of a number of flat 
copper ribbons in parallel, showed a 
self-induction of MrM wten the ribbons 
closely packed, 
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n like i 



and 01 



The eiplanation for this was given 
by Prof. Thomson, when he showed 
self-induction to depend mostly upon 
the length of the lines of force snr- 
roundiog a conductor when traversed 
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by intermittent or alternating cur- 
rents. 

The pole which is insulated from the 
table constitutes the stationaiy clamp. 
The uninsulated pole, which is con- 
siderably larger, has on its upper side a 
long V-shaped groove parallel with the 
axis of the secondary, Fig. 142. A 
movable copper block, also V-shaped, 
fits in the bearing, and can be slid in 
the same forward and backward. 

This movable block carries the second 
clamp. The current necessary for 
welding has to pass through this sliding 
contact. The welding of small copper 
wire, or any other easily fusible metal, 
is a very difficult thing, if special appa- 
ratus is not used. The current required 
is very large, several hundred amperes 
for wire not larger than No. 17 A.G. 

The metal when it reaches welding 
heat readily melts away, and has to be 
followed by the movable clamp, so as to 
prevent the breaking of the circuit. 
This latter action, when it occurs, is so 
violent that a special device is necessary 
to prevent injury to the coil in case of 
such a rupture. The movable clamp, 
in order to follow the softening of the 
metal, has, therefore, to have as little 
friction as possible, and yet has to make 
a good contact to carry the heavy 
currents. The clamp is furthermore 
required to move in true guides so &s to 
abut the small conductors with their 
axes in line. The heating necessarily 
brought about when rapid and con- 
tinuous welding is done roust not inter- 
fere with the bearing, and cause the 
carriage to stick through expansion. 

All these conditions have been com- 
plied with in using the V-bearings, the 
carriage being held down in contact by 
means of a heavy spring, and number 
of copper rollers being interposed be- 
tween the carriage and the bearing. 
Fig. 142. The copper rollers are simply 
short pieces of \ in. hard-rolled copper 
wire rounded at the ends. There are 
16 altogether, 8 towards the front and 
8 towards the back of carriage, equally 
distributed on both sides of the bearing. 

A stationary rod at apex of bearing 
prevents the intefferenpe of the two 



rows of rollers. Between the two sets 
of rollers in front and in back a bolt 
passes applying the spring pressure, 
forcing the carriage into contact with 
tbe bearing. A pressure of 401b. may 
be employed, and yet the carriage will 
move freely. These 16 rollers have 
to transmit a current of approxi- 
mately 8000 ampferes. They absorb 
about 20 per cent, of the total 
energy, which loss is, however, fully 
balanced by zhe reliability and sim- 
plicity of the device. This loss is, 
moreover, only on the maximum sizes, 
and becomes insignificant on small 
work. 

An adjustable coiled spring pulls the 
sliding clamp toward the stationary 
one. In front and pivoted on a lever is 
the distance gauge, which may be in- 
serted between the two clamps. This 
gauge carries on a central disc a number 
of steel pins of varying lengths, but 
equal projection on either side of disc. 
These projections, if. inserted between 
the two clamps, give the necessary dis- 
tance required for a given size wire, the 
disc against which the wires are abutted 
ensuring equal projection of both ends 
to be joined. On the back of the appa- 
ratus a switch is located in the primary 
circuit, which is normally held open by 
a spring. By moving the handle to the 
right the primary will be closed, and 
the switch locked by a little catch 
underneath the table. A pin fastened 
to movable clamp will lift the catch 
and release the switch, thus opening the 
circuit. 

An intermediate lever between catch 
and pin operated by a sliding rule, 
which serves also as an index, permits 
of varying the point of cut-off, which 
has to be in a certain relation to the 
distance between clamps. The position 
of cut-off, tension of spring, distance 
between clamps corresponding to each 
other, are marked with the same figure, 
which is also inscribed on a wire gauge 
fastened to the welder. By inserting a 
wire into the gauge the number read 
will give the necessary adjustments at 
once. 

If, by imprudence, the switch should 
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be moved to the right while no stock is 
inserted and the clamps in contact with 
each other, the switch cannot be locked, 
and the fuse in primary will be blown, 
without, however, causing any damage. 

The insertion of the distance gauge 
between clamps locks the switch, so 
that primary can only be closed after 
withdrawing the gauge. 

The operation is as follows : — 

1. The wires to be welded are 
gauged. 

2. The distance gauge and cut-off are 
set to correspond with number on 
gauge. 

3. The movable clamp is moved to 
the right and gauge inserted. 

4. Both wires are securely clamped, 
care being taken to abut the ends 
squarely against the disc. 

5. The gauge is withdrawn. 

6. Th« switch is moved to the right. 

7. The reactive coil moved toward a 
position of minimum reaction, and re- 
stored to maximum after weld has been 
completed. 

8. The clamps are opened and the 
weld removed, after which the opera- 
tion can be repeated. 

If a good many welds of the same 
size material are to be made, the re- 
active coil may once for all be set in a 
given position, and the switch alone be 
operated. 

Welds made with the automatic 
machine have attained a uniformity not 
obtainable with very skilled operators 
working without it. In fact, small, 
easily-fasible wires «an scarcely be 
welded with certainty with ordinary 
apparatus. For aluminium especially 
the automatic apparatus is needed. 

The reactive device used in connec- 
tion with welders is the type recently 
described by Prof. Thomson, in which a 
cast is made to more or less cover the 
primary, the self-induction of which is 
to be altered. To obtain still a larger 
range, the windings of primary can be 
coupled in series, or multiple series, or 
multiple, by a switch in base of coil. 

As mentioned before, the welding of 
easily fusible metals may sometimes 
cause a rupture of the secondary cir- 



cuits, which, owing to its violence and 
volume of energy, may cause a burn- 
out of the primary if not guarded 
against. This danger is not very great 
in the automatic machine, since the 
end pressure does not depend upon th6 
attentions of the operator. A special 
device is, however,, used as an extra 
precaution against all emergencies. 

Breaking a high-tension circuit 
rapidly is not easily done. An arc 
generally follows the break, and this 
lengthens the time of the rupture. If 
the voltage of the circuit to be broken 
is so low that over the slightest dis- 
tance an arc cannot follow, the break 
will be instantaneous. This is the ease 
with the secondary circuit of welding 
transformer. The voltage, being ordi- 
narily only one volt, would, even if 
increased tenfold, not be able to main- 
tain an arc. However, multiplied in 
the primary it will cause E.M.F. suffi- 
cient to pierce through the insulation as 
ordinarily used. This action is similar 
to a Rhumkorff coil, in which the in- 
terrupter is caused to break under oil 
or water. The discharge is taken care 
of by a special apparatus. 

While the machine before us is only 
one type embodying the principal 
features contained in all, others have 
been manufactured, or are in process of 
construction, in which the automatic 
character has been carried out even 
further, as in the welding of rings and 
chains. The present model in its first 
form is able to produce 250 ft. of chain 
in a day without any attendance to 
speak of, the plain wire being fed into 
the machine at one end and the com- 
plete chain coming out of the other. 

The automatic principle is, however, 
not confined to small conductors. We 
have welders with 40,000 watts output, 
capable of welding 1 in. copper or 2 in. 
iron, constructed and working daily on 
that plan. The projections are deter- 
mined by adjustable stops ; the pressure, 
the most important of all, is hydraulic, 
and regulated by an automatic reducing 
valve, the exhaust being used for cool- 
ing clamps at the same time. The 
primary is controlled by adjustable 
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reactive coils from a cod slant potential 
circuit, and is interrupted at the proper 
time by the clamps. While not all 
machines to-day are operated on this 
plan, I am conrinced that the evolution 
of the welding process tends in that 
direction, and that the welding in future 
will be, in the full sense of the word, a 
purely mechanical operation. (H. Lemp.) 

A method of welding by electricity, 
devised by Nicolas Von Benardos, of 
St. Petersburg, has recently; attracted 
considerable attention on the Continent, 
and possesses several features which 
render it quite distinct from the various 
processes of fusing and reducing by 
means of the electric current or the 
electric arc, proposed from time to time 
by Siemens, Clowes, Thomson, Wallner, 
and others. It seems, moreover, to be 
thoroughly practical. An account of 
the process, together with a description 
of the advantages which are claimed as 
resulting from it, has been given by 
Prof. Ruhlmann, of Chemnitz, after a 
careful study of the Benardos process 
at St. Petersburg; and the following 
account follows closely his able and 
interesting articles published recently. 

Benardos works directly with the 
electric arc produced between a carbon 
pencil as one terminal and the metal to 
be treated as the other terminal. This 
has been suggested and tried before. 
But the carbon was made the negative 
pole, as it was feared that otherwise 
the consumption would be embarrass- 
ingly rapid. Hence the metal became 
the positive pole, that is to say, it 
became exposed to energetic oxidation ; 
and a great deal of the trouble expe- 
rienced by other experimenters arose 
from this circumstance. In the Benardos 
process the carbon forms the positive 
terminal ; it is, of course, quickly con- 
sumed, but can easily be replaced ; on 
the other hand, there is a favourable 
reducing action going on in the fused 
metal. The great importance of this 
modification can easily be tested by 
changing the poles, when the work 
soon becomes enveloped in a dense 
cloud of oxidised products. The intense 
heat of the arc melts even the most 



refractory metals almost instantane- 
ously ; but the action is purely local, 
like that of the blowpipe, and only 
those parts upon which the arc plays 
directly are attacked, the adjoining 
portions undergoing little change ; and 
the fused mass solidifies and cools very 
quickly. In the Benardos process the 
material requires little or no prepara- 
tion. Even a pretty thick layer of 
oxide will be reduced and drop off, 
while smaller quantities of oxide unite 
to form a slag with the sandy clay 
frequently added as a flux. This slag 
prevents the oxidation of the metals 
while cooling. No other fluxes are 
required. The operations can also be 
carried on under water, although the 
gases and steam generated cause trouble. 
Nevertheless, an apparatus has been 
constructed to facilitate such work by 
forcing the water away from the parts 
to be treated by means of compressed 
air. One of the chief advantages 
claimed for the new system appears to be 
that the arc is brought to the work, and 
not the work taken to the arc, which 
would mean transformers, crucibles, or 
other apparatus. Size is hence a 
question of secondary importance, and 
unwieldy pieces may be dealt with, 
although for soldering work of the 
ordinaiy kind a special operating table 
is employed as more convenient. An 
accident at Struve*s emery works, St. 
Petersburg, directed general attention 
to this process. The works have a 
vertical boiler with heaters, some of 
which had become leaky, and the works 
were practically at a standstill. The 
consulting engineer declared that the 
repairs would be rather expensive, and 
might occupy 3 weeks' time. Benardos 
inspected the boiler, and offered to 
repair the heaters that very day. The 
boiler was put on a truck, taken to his 
works, treated electrically on the truck, 
and wheeled back, all in 3 hours. Prof. 
Ruhlman saw the boiler in full action 
the next working day. Fig. 148 is 
reproduced from a photograph taken 
during these repairs, and illustrates 
the simplicity of the process. We may 
inention another case reported by Prof« 
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Ruhlmann. A cast-iron flywheel of more 
than 5 tons weight had beeb broken 
into several pieces %hile being taken 
down from the truck. The pieces were 
fused together within a few hours, and 
the following day the flywheel was in 
place and at work. 

A glance at Figs. 143-50 will give an 
idea of the great variety of circumstances 
under which this process is applicable. 
It is clear that flywheels cannot be 
treated in the same way as telegraph 
wires ; and that a soldering and welding 
plant, to be really useful in the work- 
shop or foundry, should be able to deal 
with delicate articles of a few lb. or «z. 
In weight equally well as with heavy 
pieces. Economy will in general be in 
favour of one source of power for the 
various operations ; but then the opera- 
tor must have thorough command over 
the volts and amperes of his currents if 
the arc is to have the proper volume 
and temperature. The length of the 
arc may, within small limits, be adjusted 
at will; the currents themselves may 
}je modified with the help of resistance 
coils. But this is not suflicient. Sup- 
posing that the workman has to do a 
little tin soldering, and to weld two 
large thick boiler plates a few minutes 
later, he must be in a position to vary 
both tension and quantity of the cur- 
rents within very wide limits. A 
dynamo alone would not do, there must 
be accumulators also, and these of a 
special kind capable of being charged 
with strong currents and discharged 
either at a few amperes or at several 
hundred times that amount. Fauro 
accumulators are not adapted for such 
work, nor are those of the Plante type, 
as they cannot store up sufficient quan- 
tities of electricity, although they bear 
strong charging and discharging cur- 
rents. Benardos has constructed accu- 
mulators for the work which are not 
strikingly novel, but seem well fltted 
for their special purpose. Prof. Ruhl- 
mann saw at St. Petersburg some cells 
in very fair condition which had been 
in use for more than 1} year. It is 
further noteworthy that at the Creil 
works, where the Benardos nrocesses 
6 



have been under trial for some time, 
serious difficulties had to, be encountered 
until the accumulators already^ there 
were exchanged for the Benai'dos bat- 
tery. The complete cell (Fig. 143) weighs 
35 lb. and contains 9 lead plates (Fig. 
144), all of the same kind, 4 positive and 
5 negative, with If sq. yd. total surface. 
Each piate consists of a frame cast of 
pure lead, 6 in. by 7f in. surface, and 
•j^ in. thick. The interior of the frame 
is filled with strips of thin lead, alter- 
nately straight and corrugated (Fig. 
145)^ soldered into their places ; the lat- 
ter strips are bent in such a manner as to 
facilitate upward currents in the liquid. 
Such currents arise during charging, 
owing to the development of gas, which, 
if kept within proper limiti«, is thought 
advantageous to these cells ; the upward 
currents equalise the difference in 
density ; the curvature of the bent strips 
favours the liberation of the small gas 
bubbles, and checks the formation of 
larger bubbles, which would cause 
buckling. Caoutchouc prisms separate 
the positive and negative plates, the 
poles of which are simply soldered to 
stronger lead strips running along 
either side of the cell. Diluted sul- 
phuric acid of 1*25 sp. gr. circulates 
freely between the plates. The total 
weight of the complete cell (35 lb.) is 
made up of 24 lb. for the 9 plates, 8 lb. 
for the acid, and 3 lb. for the glass jars. 
The cells have ah interior resistance of 
0*002 ohm and give 2*5 volts, when 
continually charged while at work ; 50 
to 70 of these cells are joined in a 
battery ; several batteries, 3 for in- 
stance, are grouped in parallel, and are 
continually charged by a shunt dynamo. 
Fig. 146 explains the ordinary connec- 
tions. The shunt dynamo charges the 
50 accumulator cells in series ; a volt- 
meter and an amperemeter are inserted 
at V and A. From the positive termi- 
nal of every fifth cell a wire leads to a 
plug switchboard U; from U the 
cui*rent passes through a variable resist- 
ance W, and from thence through a 
flexible cable to the carbon holder Z and 
the carbon pencil K. The operator 
manipulates his holder Z, the metal to 
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be fused, placed upon the table P, being 
joined directly to the negative terminal 
of the battery. By inserting the plug 
in the switchboard U, the operator may 
obtain currents from 5 cells, twice 5, 
and so on to 10 times 5 cells. If con- 
siderable masses of metal are to be dealt 
with, currents of considerable strength 
are needed. These are obtained by 
grouping the batteries or certain sets of 
cells in parallel. Supposing the dynamo 
gives currents of 175 volts and 120 
amperes, that there is a battery of 70 
cells coupled in series, and that it is 
desired to solder two boiler plaices f in. 
thick. The carbon holder is connected 
with the positive terminals of the 
fortieth cells of 3 groups. The carbon 
pencil is allowed to touch for a fraction 
of a second, and is taken off again imme- 
diately, so that between the plates and 
the carl' on pencil an arc of a few milli- 
metres length is formed. The iron 
melts like wax; but the action seems 
too powerful, the molten metal hissing 
and evaporating distinctly. In such a 
case one of the 3 parallel groups is rut 
out. Should the action then be too 
sluggish, oiie or more parallel groups is 
added. Sometimes the arc proves too 
small or extinguishes frequently; in 
such cases the number of cells in each 
group has to be increased. 

The carbon holder (Fig. 147) resembles 
a pair of scissors, and consists of two 
copper bars having a round hole near 
the end, in which the pencil is held 
firmly, either by the friction of the 
parts or by means of a little wedge as 
shown in the figure. The flexible cable 
passes through the wooden handle. 
During working, the holder becomes 
hot, and may have to be cooled by 
plunging it into cold water. The 
operator wears strong leather gloves, 
and his hand is further protected by a 
metal screen fixed on the holder. He 
looks at his work through a dark glass 
as in Fig. 148, which protects both his 
eyes and face from the radiated light 
and heat better than ordinary dark 
spectacles would do. The lungs also 
may need protection from the vapours 
of copper, lead, and other metals or 



alloys. When possible, means should 
be provided to carry off such vapours 
with a blast of air. The construction 
of the holder permits of a quick replace- 
ment of the carbon pencil. The diam- 
eters of these carbons vary greatly. 
For more delicate work, where a few 
cells would suffice, fine pencils of only 
-j^ in. are required ; while boiler plates, 
such as mentioned above, are welded 
together by means of thick carbon rods 
of up to 2i in. diameter. The carbon 
is pointed before using it. Ordinary 
light-carbons do not answer well, as 
they are generally too soft; the in- 
ventor prefers Carre carbons. 

One of the most important applica- 
tions of the new process is for welding 
plates of all thicknesses. For the very 
finest sheets of 1 mm. and less, the 
Electro-Hephaest Company prefer a 
modification of the Elihu Thomson 
process, although their own process is 
sometimes equally good (compare Figs. 
168-170). But all stronger plates up 
to several centimetres thickness are 
subjected to the arc. 

To effect this with ordinary plates, 
the edges are feathered as in Fig. 149, 
and pressed together. The furrows are 
filled with little pieces of the same 
material, and the arc is then applied 
while fresh pieces are added until the 
furrow is completely filled with the 
molten mass. The plates are imme- 
diately afterward finished under the 
hammer. In making iron welds, the 
small pieces for filling are always of 
wrought iron. With iron, a flux of 
clay sand is recommended ; with copper, 
borax, or sal-ammoniac. .When the 
plates are joined on their lower surface, 
Benardos suggests a powerful electro- 
magnet, placed as indicated in Fig. 150^ 
to prevent the liquid metal (provided 
the material be para-magnetic) from 
flowing off; whether this suggestion 
will prove practical is doubtful. The 
apparatus shown in Fig. 151 looks more 
practical ; it is intended to be employed 
when making vertical seams. The 
pincers p car^y two pieces of graphite 
or coke g forming a sort of chamber 
at the spot where the fusion is to be 
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carried on. As soon as the mass has 
hardened sufficiently, the carbon pieces 
are pushed farther up. Carbon pieces 
are frequently employed to prevent the 
flowing off of the fused material. Figs. 
152-161 exemplify other ways of join- 
ing plates in cases where a perfectly 
straight surface is not insisted upon. 
For thinner plates, the method Fig. 161 
seems to offer particular advantages ; 
for two -^ in. plates a seam 1 yd. long 
can be made in 7 minutes. When 
plates are to be joined at an angle, the 
process is of course exceedingly simple. 

If two iron bars are to be joined end to 
end, the one bar is roughly centered in 
a lathe, and the other pressed against 
it ; the body of the lathe is connected 
with the negative pole. A few momen- 
tary touches with th( carbon will make 
the two bars stick together sufficiently 
so that they move as one piece with the 
lathe. While the lathe is turned slowly, 
the welding is effected by the addition 
of material in small quantities at a 
time. To join two telegraph wires, the 
ends are bent (Fig. 162), a little iron 
ring is pushed over the hooks, and the 
whole is fused into a sort of button; 
the resulting joint leaves nothing to be 
desired as to conductivity and breaking 
strength, and the whole operation can 
be accomplished with a few cells, and 
in 2 minutes for 4 mm. wires. 

So far we have only spoken of joining 
materials of the same kind. But the 
intense heat of the arc supplies alloys 
which are hardly known under other 
circumstances, so that iron and copper, 
tin, zinc, lead, steel, cast iron and steel, 
wrought iron and steel, aluminium and 
platinum, etc., can be united. This 
))romises important progress in the 
working of metals. Prof. Ruhlmann 
has exhibited specimens of iron plate 
welded to red copper, iron plated with 
tin, and iron plated with lead. In such 
cases there is probably at the junction 
of two metals a layer of alloy. Chemi- 
cal manufacturers would be thankful 
for cheap copper retorts coated inside 
with platinum, or iron vessels coated 
with lead. Prof. Ruhlmann saw at St. 
}'^ters))ur|^ a i^umber of copper tub§s 



soldered into a cast-iron plate, and this 
iron plate coated with copper several 
mm. thick. 

If the metals can be joined by the 
electric arc, they can also be separated 
by the same means. For instance, 
holed can be made if the metal is per- 
mitted to flow off. To pierce a hole 
1 in. diameter through two plates ^ in. 
thick takes about 4 minutes. The next 
step is to rivet the plates in this way ; 
this is shown in Fig. 159, where they 
are ^ in. plates, the rivet f in. thick, 
and the operation took 8 minutes. It 
seems, however, more advisable to 
punch or drill the holes. 

It has been said, above, that the 
materials undergo little chemical change 
under this treatment. The question 
seems very important for iron, whose 
behaviour is so remarkably influenced by 
slight variations in the composition. 
To test this question, wrought iron 
droppings from the welding process 
were fused again by means of the arc 
to a bar of about 15 mm. thickness, 
and this bar turned down to 10 mm. 
The breaking weight of this bar was 
23*8 tons per sq. in. with an elongation 
of 17*5 per cent. The fracture was 
fibrous, like that of soft steel. This 
electrically fused iron (Fig. 175) re- 
sembles soft steel in other respects, 
notwithstanding its origin ; it is mal- 
leable, can be welded, can be bent both 
hot and cold, and is scarcely harder 
than soft steel. The following table 
gives analyses made by Vieuville. The 
columns B refer to the original metal 
before electrical treatment ; the A 
columns show the composition of the 
metal after the treatment. The changes 
are slight, and appear rather favourable. 

The tensile strength tests of electri- 
cally made joints yielded most satis- 
factory results. Two pieces of rolled 
charcoal iron, joined as in Fig. 152, 
showed a breaking strength of 18 tons 
per sq. in., the iron itself giving 21 tons; 
the elongation was 9 per cent. In 
another instance, 93 per cent, of the 
initial tensile strength was observed. 
A plate riveted electrically rent finally 
ofitside the riveting line. Th^ electri« 
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Steel, 
Carbon . . 
Silicon . . 
Manganese . . 
Snlpbnr 
Phosphorus . . 

Iron. 
Carbon.. 
Silicon . . 
Manganese . . 
Sulphur 
Phosphorus . . 



• • • • 



0-44 


0-22 


0-03 


trace 


•0-57 


0-14 


0-041 


0-036 


0-102 


0-100 


0-38 


015 


0-03 





0-53 


0-16 


O-I6O7 
0-13' 


0-120 


0-124 



52 


0-29 


0-05 


trace 


0-42 


0-36 


0-039 


0-035 


0-07 


0-050 


0-30 


0-13 


trace 





0-36 


3-30 


0-110 


0-070 


t)«105 


0-087 



cal riveting or the joining of plates 
without rivets, particularly as in Fig. 
152, seems to offer material advantages 
for some purposes. 

. The remaining figures illustrate 
iq>ecimens exhibited by Prof. Ruhlmann 
before the Electrotechnical Society. 
Fig. 163 is a cast iron plate, Fig. 164 a 
cast iron eccentric broken in pieces nn.d 
joined again at a ; the junction is said 
to be quite homogeneous, and neither 
harder nor more brittle than the solid 
metal. This suggests the finishing of 
cast iron pieces by means of the electric 
arc. Fig. 165 represents a piece of a 
cask. Fig. 166 part of an iron boat. 
That even finer plates may be subjected 
to this process is demonstrated by Figs. 
167 and 168; but as already remarked, 
for very fine plates and wires the Elihu 
Thomson process appears preferable. 
Fig. 169 is a specimen of neat workman- 
ship, a little steam boHer, formed out 
of three pieces, shell, top, and bottom. 
A section through an electric rivet is 
illustrated in Fig. 171 ; Fig. 172 shows 
how the so-called half rivet is made, 
and Fig. 173 how stronger bars are 
joined. In Fig. 174 a bar welded in this 
manner has been bent cold under the 
hammer at right angles at the line of 
junction. The specimen Fig. 175 con- 
sists entirely of electrically fused iron 
which has already been described ; it 
has been bent cold without showing 
any fissures or irregularities. The 
shaft Fig. 176 wa? formed by fusing 



together three pieces. The iron tube 
Fig. 177 was welded at a, and provided 
with a flange at 6, by the same process ; 
the copper tube Fig. 178 is also a speci- 
men of electric welding. Fig. 179 is a 
turning tool of ordinary iron with a 
steel bit welded to it. 

These instances do not cover the 
whole field where electric welding and 
soldering might advantageously be ap- 
plied. Chains may be produced with 
welded links, tools provided with steel 
points and edges, cables joined, pans 
made without rivets and plated, and 
many kinds of repairs, especially in c&st 
iron, become possible. The process will 
probably be studied with particular 
interest by the shipbuilder. The cost 
of such a welding plant would not be 
heavy. The dynamo and accumulators 
could weld and repair during the day 
and provide light in the evening. This 
would be one more reason for intro- 
ducing electrical power into the work- 
shop. {Engineering,) 

Several patents have recently been 
granted to Elihu Thomson for improv- 
ments in welding apparatus, one of 
which is illustrated in Fig. 180. It 
comprises two rotary electrodes R R', 
one of which is suitably insulated from 
the supporting base, to which electrodes 
a current of large heating volume is led 
by means of the brushes C\ Suitable 
means, as the screw S, indicated, are 
provided for throwing the rollers into 
closer, or more remote adjustment. The 
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two piecM of m«t«l nhicli are to be ' 
welded in a continuous line, are intro- 
duced between the electrodes and fed 
gTBduall]' forward, the weld being pro- 
duced by the heat developed iu the 
stnps as they moTe between the rolls. 
Theie itripa are Indicated in the en- 
graving Bj making the td11> of 




Elfe*Tle welding. 

suitable section, Tarions confurniittlons 
may be given to the product of the 
welding operation, one design of the 
invention being to produce tubes or 
pipes having <i continuously welded 
seam. In the detached view is shown 
a Dornber of rollers R R', for producing 
a weld between two pieces of metnl, 
resulting in a trough having a V-shnpe 
in cross-section. 

Prof. Thomson has also patented a 
method of welding involving the idea 
of gradually or suddenly throwing on n 
current capable (if continued) of heat- 
ing the pieces to be welded beyond the 
necessary temperature, and then, before 
such temperature is reached, dimin- 
ishing the current, with the effect of 
Ereventing overheating or too lapid 
eating. In some cases the resistance 
during the welding operation rapidly 
lisei, and as the amount of heat 
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developed is in proportion to the re- 
sistance, danger of burning Is incurred. 
In order to avoid this the pieces to ba 
welded when placed in the clamps and 
pressed into good contact, have the 
current admitted saddenty in a large 
amount, causing a rapid accumuletion 
of heat at the joint, ai^d when the 
welding temperature is nearly 
reached, the current is dimiuished 
by means of a core suddenly 
thrust into a cell in the primary 
circnil, thns choking off part of 
the primary current and rednciag 
the strength of current in the 
welding circuit. 

AnoUier invention of Prof. 
Thomson's consists in maintaining 
at the holding clamps, or at the 
point where the current enters 
the work, an alternating current 
of fairly uniform potential, to 
ns to produce a gradual heating 
of the work automatically through 
a gradual Increase of resistance 
due to rise of tempemture. The 
primary circuit is supplied with 
an nitemaling cnrreni of uni- 
form character as to poCenliol, so 
that as the resistance at the 
Joint varies by resson of the in- 
creasing heat, the elrength of 
"" *" ' ' *ered and danger of 
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Wire /nsulali'mj (a).— 
of insulating electric wires tins re- 
cently been adopted in Germany. 
Paper is first of all prepared by bonk- 
ing in an ammoniacal solution of 
copper, a process which confers upon 
the paper durability and makes it ini- 
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Erepared is now applied li 
B insnlated, by means • 
machine, after which I 
coated wires are dried, and finally 
passed through a bath of boiling lin- 

(b) Having had occasion for a year 
to apply for the decollation of articles 
of jewellery, the procedures pointed 
out by Nobili nod Becqueiel for ob- 
taining coloration by means of baths 
of alkaline plumbates and ferrates, I 
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observed that the articles thus coloured 
became- absolutely proof against all 
galvanic action ; that is, their surfaces, 
when once coated with peroxide of 
lead or of iron, were insulated, and 
no longer conducted the electric cur- 
rent. A wire of copper, brass, or even 
iron, may thus be coated with an in- 
sulating layer like a stratum of resin 
or gntta-percha. This principle, I be- 
lieve, admits of easy utilisation in 
preparing wires and cables for use 
in telephony and telegraphy. The 
method of obtaining this insulating 
stratum is, from an industrial point of 
view, very practicable, and the cost 
trifling. The hardness of this coating, 
which resists all atmospheric action, is 
a guarantee of its durability. The in- 
sulation is absolute. The method of 
preparation is very simple. A bath of 
plumbate of potash is prepared by dis- 
solving 10 parts litharge in 100) of 
water, to which have been added 200 
of caustic potash, and boiled for about 



dacing any action upon ihe objects to 
be coated. Such a wire, if placed in a 
circuit, and brought in cdntact with 
another wire in connection with a 
galvanometer, leaves the latter entirely 
unaffected. (Wiedemann.) 

(c) Fig. 181 shows a simple insulating 
cleat made of " celluvert " or " karta- 
verk," largely used in America for 
telegraph, telephone, electric light, and 
electric bell (inside) wiring, and meets 
its intended purpose admirably, as it is 
at once strong, light, and cheap. Un- 
like other cleats or staples, it cannot 
readily be shattered by an ill -directed 
blow from a workman^s hammer while 
being fastened down with nails or 
tacks. These cleats are made for 
single or double wires, but it will be 
seen that by cutting a double cleat 
across the centre it will answer for a 
single wire. 

Joining, — ^The following directions for 
making joints in conductors for the arc 
and electric lights are reproduced from 
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Insalating cleat. 



i hour. It is allowed to settle, de- 
canted, and is then ready for use. 
The wire to be coated with peroxide of 
lead is attached to the positive pole, 
and a small platinum anode to the 
negative. Finely-divided metallic lead 
is precipitated upon the negative pole, 
and the wire is coated with peroxide of 
lead, which passes successively through 
all the colours of the spectrum. The 
insulation is complete when it takes a 
brownish-black colour. The wire thus 
covered is quite insensible to electric 
action. Articles perfectly cleaned may 
be attached to it, and connected 
with the negative pole of a gilding, 
silvering, or nickeling bath without 
tj)^ cqryentj however powerful, pro- 



Munro and Jamieson's < £lectrician*8 
Pocket-book.* 

In preparing the ends of the prin- 
cipal conductors, remove the two ex- 
ternal tapes for a length of about 5in. 
from each end to be joined. Remove 
the rubber and the internal layer of 
tape for about 1^ in., and lay the wire 
bare with emery-paper (Fig. 182). 
Solder together the wires that com- 
pose the cable for a length of about 
1 in., and bevel off^ the two extremities 
with a fine file. Bring the two be- 
velled ends together^ and solder them 
in such a way as to obtain a conductor 
of uniform thickness. Wind a fino 
copper wire spirally around the joint, 
f^n4 sol4er tl^e ivhole together ^9 sliowQ 
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in Fig. 183, and always nse rosin in- 
stead of acid as a flux. 

Afterward, to apply the insulating 
material, take a very sharp knife and 
work the rubber to a point for a length 
of i in. from the conductor, and cover 
the metallic joint with a layer of pre- 
pared cotton tape |^ in. wide (Fig. 184). 



These instructions apply to the 
principal conductors. In branch lines 
for incandescent lighting, the extre- 
mities are prepared by removing the 
braid, tape, and rubber for a length of 
about 4 in. at each end, and unwinding 
the cotton covering of the conductor 
for about 1} in. The extremities of the 
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Joining wires. 



Over the tape wind spirally a band 
of pure rubber f in. wide (stretching it 
well in doing so), and cover the joint 
with a series of wrappings running 
alternately to the right and left, until 
it gets to be as thick as the rubber 
covering of the wire, or a little thicker. 
This stage is shown in Fig. 185. After 
this, it is necessary to apply a small 
quantity of a solution of rubber to each 
layer, and allow the alcohol sufficient 
time to evaporate before putting on 
another layer. 

This effects a union of the different 
layers of rubber. The external cover- 
ing of the conductor is composed of two 
layers of prepared tape, | in. wide, ap- 
plied in opposite directions, with a 
strong gum lac varnish between them, 
and above these, again, a layer of im- 
permeable tape, with a coat of var- 
nish over all (Fig. 186). Care must be 
taken to keep the hands, tools, and 
IjsaterUls c^ei^n ^ad drv. 



wire are then cleaned with emery- 
paper and beveled off with a fine file, 
as shown in Fig. 187. The two beveled 
edges are then brought together and 
soldered, while a thin copper wire is 
wound around as before (Fig. 188). The 
metallic joint is then covered with the 
thin layer of cotton that has previously 
been unwound from the extremities 
(Fig. 189). 

Over this cotton covering there is 
wound spirally, and in a contrary 
direction, a ribbon of pure rubber, | in. 
wide (cnre being taken to stretch it as 
before), until an insulation of the de- 
sired thickness is obtained (Fig. 190). 
In this case also a solution of rubber is 
applied to each layer in order to make 
the whole solid. 

Finally, two layers of felt tape, 5 in. 
wide, are applied in an opposite direc- 
tion, with an intermediate layer of 
strong gum lac, and, over all, a cof^t of 
yarnish (Fig. 191). 



Id T-«haped jointB of branch wires 1 remoTed from the end of the win thkt 
for Incandescent lighting tie ends are is to be joined to the principal conduc- 
prepared by removing from the prin- tor. The two lajers of rubber and 
cipal conductor 5 in. of the two oiter' { the cotton are afterwaTda drawn back 




nal lajars of tape. Aft«r this the robber ] for 3 in. and the robber in remoTed — 
covering and internal tape are removed I the cotton being left for covering the 
from the wire for a length cf 1} in.; S in. metallic joint. The wires that com- 
of the external covering and tape are | jwafl the condactoi should be soldered 
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together, and the solid wire woond 2 
or 3 times around the principal con- 
ductor and afterward 3 or 4 times upon 
itself. 

Then the whole is soldered together 
(Fig. 192). Each end of the principal 
conductor must be worked to a point 
with a very sharp knife for 1} in., aud 
the solid wire be covered with cotton 
up to its junction with the principal 
conductor and all around. The me- 
tallic joint must be covered with a 
wrapping of cotton tape covered with 
rubber (Fig. 193). 

A well-stretched band of pure* 
rubber, -f in. wide, is applied spirally, 
the winding being begun at the rubber 
covering of the solid wire, running to 
and around the joint, and as far as the 
rubber covering at each end of the 
principal conductor — thus forming a 
series of layers in opposite directions, 
until the desired thickness is reached 
(Fig. 194). 

As in the preceding cases, it is also 
necessary here to apply the solution of 
rubber between the layers. Exter- 
nally, the wire is protected by two 
layers of prepared tape (f in. wide), 
wound around in an opposite direction 
with an intermediate coating of a concen- 
trated varnish of gum lac, then above 
this an envelope of impermeable tape, 
and finally a coat of varnish (Fig. 195). 
All these operations must be performed 
with the greatest neatness and with 
dry hands. 

Metal Work. 

Bronzes, (a) — Before a work of art 
can be cast in bronze, it must be in 
existence in some other material, and it 
may not be altogether superfluous to 
describe briefly the various stages an 
article must pass before it can be intro- 
duced to the world as a bronze. The 
sculptor usually embodies his first idea 
in a sketch, not, however, in most cases 
on paper, but in wax or clay. A 
sculptor's sketch is simply a statuette, 
very roughly modelled, and usually 
not more than r> or 6 in. high. Works 
of this size do not require any internal 



framing for their support, and there- 
fore lend themselves readily to any 
changes of design, even of the most 
radical description. 

The attitude of the figure, the prin- 
ciple, masses of drapery, and, in short, 
the general arrangement of the com- 
position having been decided on, the 
next step is the construction of a full- 
sized framing 'of iron, without which 
the statue in plastic clay or wax could 
not stand, but would yield to its own 
weight, and sink a shapeless lump to 
the floor. With the assistance of the 
iron framing, or skeleton, running 
through every part, it can be preserved 
for a sufficient time — often for several 
years — to permit the artist to bring it 
to that perfection of which he is 
capable. But even then it is not to be 
regarded as a complete work ; for the 
plastic material, whatever it may be, 
is certain to be destroyed by its very 
plasticity. Therefore, that it may be 
preserved, it must undergo a trans- 
formation which will render it hard 
and durable. If the statue has been 
modelled in a certain manner, and with 
specially prepared clay, the action of 
fire will produce this result, and then 
we call it terra-cotta. The only other 
method of preserving the model is to 
cast it. By this means, although the 
plastic model is destroyed, a facsimile 
is produced in another and more durable 
material. 

Casting involves 5 processes: — 

1. The construction of the hollow 
mould. 

2. The preparation of the fluid ma- 
terial. 

3. The casting or pouring into the 
mould. 

4. The solidification in the mould. 

5. The liberation of the cast from 
the mould. 

A mould is made over a piece of 
sculpture by the application of some 
soft material which has the property of 
rapidly becoming hard. By this means 
a concave impression is obtained, from 
which again, by a similar process, a 
convex facsimile of the original model 
may be produced. There are many 
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kinis of moQlds used hj ui 
■culDtor roughly diiides 



n,pU™ 



e all i> 



oiildi. 






1 parta, lika s seal, or 
pastrycook'n jelly mould. A pieca 
niould, on the coptrary, ia made of two 
or mors partt, acconling to the require- 
ments of the work. Uouldi ars alio 
callal "open" or "closed." An open 
mould u one of vhich one aide only 

]». 



Uoolda are made of very raiioiu 
materiali, according to the objects for 
which they Aia constructed. Plaiter U 
the most common, but nai and gela- 
tine are alao much 'usod by artiata. 
For bronze rounding, the foresting 
mntertats are anavailable. The acujp- 
tor who would caat in bronze most 
uie a material that will reaiat the io- 
tenae heat of the liqnid metal. Uoolds 
for metal casting are made of aand and 




Simple cloae waate mould. 



leceivea an impiession. Simple monldi 
are, for inafance, usually open moulda, 
■0 also are piece moulds of baa-reliefa 
or other flat objacta. A close mouIJ b 
almost always a piece mould, it mny 
or may not be a safe monld. A sate 
mould is made np of many separate 
parts, ao conatrncted as to be easily 
ivithJrnwn from each other. These 
moulds can be nacJ many times 
without injury either to thamselrc 
to the cast — hence their name " s: 
A waste monld is made of one c 
many pieces, bnt it can be nsed only 
once; it is destroyed or wasted in " 
process of casting. Some open mc 
are shown in Fig. 197 : A, the cast ; B, 
the cope or case of mould ; C, the loose 
fieces of movtd. 
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loam, of luto or pol^, or, for amall 
works, of compo. 

Supposing an artist has completed a 
atatoe, and, having already cast it in 
plaster, wishes to reproduce it in 
bronze. If this work is of large dimen- 
sions, it is very unlikely that he will 
hare suitable premises for the purpose, 
for although small works can be cast 
almost anywhere, no cisting on a large 
scale can be reasonably undertaken un- 
less asuitable foundryisarnilabU. Such 
a foundry should consist of a la^ and 
lofty room about 40 ft, long by 24 ft. 
wide, the larger indeed the better. A 
row of small furnaces should be built 
along the wall at one end, and at the 
other end sbonld be situated the rerer- 
beratory furnsce foe large work, whjlat 
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& very large portioii of the floor should 
be occupied by the ** pit." The small 
furnaces before mentioned are draft 
furnaces of the ordinary type, and are 
made to take crucibles up to about 
60 lb. capacity. By pouring the con- 
tents of several crucibles together, cast- 
ings of considerable size can be made, 
even with these small furnaces. Larger 
quantities than can be conveniently 
melted in the small furnaces must be 
treated in thd reverberator, which is 
occasionally made of very great capacity. 

The " pit " is used to bury the 
moulds previously to casting. This is 
with a twofold object ; partly that 
the pressure of the earth outside the 
mould may enable it to resist the pres- 
sure of the metal from within ; and also 
in order that the openings through 
which the metal is poured may be 
placed at a convenient level, which 
would not be the case if large moulds 
rested on the floor of the foundry. 

Besides the large and small furnaces 
and the pit, the artist would also re- 
quire at least one blacksmiths' forge 
and a powerful crane, not to mention 
drying stoves and pugging mills, and 
store-rooms for various purposes. It is 
extremely unlikely that the artist will 
be in possession of such premises and 
plant. It follows then that he must, 
as a rule, consign his larger works to 
one of the commercial foundries for 
execution. Nor is there any very great 
hardship in this. It is in such c<iscs 
only requisite that the great lines and 
masses should be faithfully reproduced. 
Any delicacy of touch that might be 
put into such a work would be useless, 
because it could not be seen, and, there- 
fore, would not be missed in the casting. 
It occasionally does happen, however, 
that such premises are at the artist's 
disposal, and in this case, the best work 
is certainly expected of him. 

There are two principles whereby 
artistic bronzes may be produced. 
The one is that known as *' piece 
moulding," and is identically the same 
as that employed in making castings 
for. machinery, &c. Continental ar- 
tists and founders call it moulage 



a la Frangaise, it hating been brought 
to great perfection in France, where, 
indeed, it is supposed to have had its 
origin. The other process is that 
known as "Cera Perduta," or waste 
wax process. It is the more ancient of 
the two, and has been practised from 
time immemorial by the artists and 
artizans of Italy. Both methods have 
been, and are, successfully employed for 
the production of works of the greatest 
size. 

There are reasons why an artist 
should sometimes prefer one method 
and sometimes another. When a piece 
of sculpture is to be produced on a very 
large scale, it is usual for the artist to 
make not only a careful sketch, but 
also a model, usually about life size ; 
and on this model he will bestow all 
his skill and art ; taking into account 
the distance at which the colossal work 
will have to be viewed, its height 
above the level of the spectator, the 
effect of the atmosphere in diminishing 
its apparent bulk, and in distorting its 
lines, the influence of any surrounding 
objects, and more especially the varying 
efl'ects of light and shade. When this 
model has been carefully completed, 
the work is then reproduced in all its 
details on the large scale. One pair of 
hands will not suflice for the produc- 
tion of so large a work, and several 
assistants are usually employed, under 
the supervision and control of the 
master, who, working with them, is 
thus able to produce what is practically 
an exact enlargement of his smaller 
model. 

Works on a colossal scale cannot be 
produced by the eye alone, but must be 
the result of scientific procedure. The 
forms are so large that the workman 
cannot see the effect of what he is 
doing. If he has to descend from a 
scaffold 10-12 ft. high, and go perhaps 
50-60 ft. ofl', before he can get a com- 
prehensive view, it is not likely that he 
will be able to correct any error which 
his eye may have discovered, because 
by the time he has again ascended the 
scaffold he can no longer recognise the 
exact spot that required alteration. 
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In these large works, anything like 
individuality of touch is at a discount, 
surface modelling is practically useless, 
and artistic effect is alone realised by 
the rhythm of line, the harmony of pro- 
portion, by the skilful arrangement of 
masses of shadow, and by the true rela- 
tion of each plane to the rest of the 
work. If this is achieved, the result 
will be an artistic success, not to be 
enhanced by any amount of delicate 
manipulation, which would be entirely 
lost at the distance required for a com- 
prehensive view of the work. It is, 
therefore, wise in the artist to select 
that method df casting which, while it 
faithfully reproduces these essential 
qualities, aifords the least chance of mis- 
hap, and the greater facility for retriev- 
ing disnster. 

The artist who enters on the produc- 
tion of a very colossal work is in the 
position of a general opening a cam- 
paign. He forms bis plan and lays 
down broadly the lines on which he 
intends to proceed : but he cannot fore- 
see all the chances of war, nor the 
varying incidents which may oblige him 
to modify his plans if he would attain 
the reward of his labours. 

Thus it is clear that for such works 
there is no system of founding so good 
as that which gives most scope to the 
founder, even if it were at the sacrifice 
of a very small degree of sharpness in 
the castings. 

With regard to small works, however, 
the case is very different, and exactly 
in proportion as these are small does 
the importance of delicate touch and 
surface modelling increase ; not that the 
other qualities are diminished in value, 
for they are just as important as ever ; 
but merely from the fact that the eye of 
the spectator is able to take in on the 
small scale that which it was nnable to 
appreciate on the large. Many persons 
who are unaccustomed to look at sculp- 
ture intelligently, and who think that 
art means pictures alone, would be 
surprised to learn that there was any 
difference between the touch of one 
sculptor and the handling of another. 
For such persons a work is finished in 



proportion as ' its surface presents a 
polished uniformity. This idea is fos- 
tered by the miserable cabinet bronzes 
which are turned out wholesale by cer- 
tain manufacturers, and are termed 
" art bronzes." These are often copies 
of fine originals, but most of their value 
is lost from the fact that they are cast 
in many pieces, which are then joined 
together, filed, and chased up in a happy- 
go-lucky commercial ^^tyle by a not 
over skilful artisan. Thus every trace 
of the original hand is obliterated, all 
that remains is the design, and even 
with that liberties are often taken. 
The turn of a head, the movement of an 
arm, are often varied according to the 
convenience or ignorance of the fitter. 

The object of casting statues in bronze 
by piece moulding is to diminish the 
risk by facilitating the process. It is 
obviously easier to cast a part than the 
whole of a statue. This is the principle 
which underlies commercial castings. 
As an example take a figure representing 
Divine Wisdom, standing on a tortoise 
surrounded by waves, and supported by 
a branch of coral. The Brst operation 
of the founder is to cut off the head and 
arms of the plaster model, and the coral 
branch at its side. These are carefully 
replaced, being fitted with what are 
known as Roman or box joints, which, 
if properly made, ensure in the most 
effectual manner that the various parts 
shall not be misplaced. 

The plaster model thus becomes a 
compound of five separate parts, fitted 
accurately one to the other. This 
makes the work of the founder much 
more easy and rapid. To mould and 
cast the head, the arms, and coral 
branch, each by itself, is so simple an 
operation that almost any lad in the 
foundry could be entrusted with it ; but 
to cast the statue all in one piece would 
entail some rather complicated piece 
moulding. When denuded of its head, 
arms, and coral branch, the trunk ih 
also a comparatively simple object to 
mould, though there is in the folds of 
the drapery a great deal of piece mould- 
ing which requires care and skill. The 
process briefly is as follows :~The trun^E 
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of the figure is .laid in an iron box or 
flask of suitable size, and loosely packed 
in with the loam used by bronze 
founders. The figure being only about 
half imbedded in this loam, the surface 
of which is carefully pressed and 
smoothed all around the model, the 
latter presents somewhat the appearance 
of a bas-relief. The loam back-ground 
is then lightly and evenly powdered 
over with parting-dust, lycopodinm 
being much used for this purpose on the 
Continent. The object of this is to 
prevent one portion of the mould from 
adhering to another. 

The moulder then proceeds to work 
on the projecting portions of the model, 
making separate pieces so that they can 
be withdrawn and replaced at will. 
When he has made as many pieces as 
his judgment tells him are requisite, 
he places another iron box or flask upon 
the first, and having applied the parting 
dust to the work, he makes of the same 
loam the cope or case which is to retain 
all the pieces of the mould in position, 
and which is itself held together by 
the flask, which is merely an open iron 
frame. The two flasks arc then turned 
over, and the first flask, with its loosely 
packed loam having been removed, the 
freshly exposed side is moulded in 
the same manner as the former, and 
the cope or case is formed as before. 
The two flasks can now be separated, 
and the pieces of the mould removed one 
by one from the figure, and accurately 
replaced in the mould. This gives a 
correct imprint of the plaster model. 
If the metal were cast into this it would 
be quite solid, therefore it must be 
cored. The co're is made by filling the 
cavity of the mould with the same loam, 
so that the figure is again reproduced. 
As, however, this loam figure occupied 
the entire cavity of the mould, it mu't 
be pared down, so that an empty space 
may remain between its surface and 
the interior of the mould. This space 
is that which will be occupied by the 
metal. 

Of course such a core has to be sup- 
ported by an internal iron framework, 
the ends of which, projecting through 



the openings of the neck, the arms, and 
at the base, serve to keep it in position ; 
without this it would of course fall to 
one or other side, and thus prevent the 
flow of the metal. 

Openings must be provided in the 
mould for the admission of the metal, 
and for the escape of the air ; but the 
vents for the air need not be so care- 
fully arranged in casting on this system 
as in casting by waste wax, because the 
loam is very porous, and the joints in 
the mould facilitate the escape of the 
gases. By this process the risk in 
casting a statue is reduced to a mini- 
mum ; no small advantage where colos- 
sal work is concerned. Nevertheless, 
when the bronze is cleaned from the 
loam, it will be found to be covered 
with lines from the joints of the mould ; 
it is also not unlikely to be covered 
with a sort of hard skin, composed of 
particles of sand which have been vitri- 
fied by the intense heat. This skin and 
these lines have to be removed, and the 
various parts of the figures must be 
joined together. It is very frequently 
found necessary to go over the entire 
figure with the file and chasing tool, to 
bring the work to one tone, and in that 
case it is not possiLle for the statue ^o 
retain any claim to be considered an 
autograph work. There can remain on 
it no touch of the original artist, and 
the fact of his signing it, and even 
numbering and dating it, will not save 
it from being merely a more or less 
excellent copy, and not an original. 

Of course, if a sculptor chose to do 
the chasing and fitting himself he could 
do so, but think of the waste of time, 
not to mention the fact that even then 
the work would probably lose something 
of its original freshness and spirit. 

This system of piece moulding foi 
bronze is admirable for commercial 
purposes, and for colossal work it is all 
that can be desired, but otherwise its 
value is small, and a statue executed by 
this method cannot be esteemed by 
anyone who understands sculpture at 
more than a fraction of the price of the 
same statue if cast by the waste- wax 
process. 
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This wftst^waic procfesS, io unimpor' 
tant comtnercially, is alUimportant 
artistically. It is by this iii^thod alone 
that a sculptor en A produce original 
bronzes in his own studio, without the 
drawbJlcks incidental to the former 
process of piece moulding. 

Roughly speaking, this process is as 
follows : — The sculptor makes, of plas- 
tic wax, an exact model of the work 
which he desires to cslst in bronze. 
This model must be hollow, the thick- 
ness of the wax being exactly that in- 
tended for the bronze. This wax model 
is moulded, both inside and outside. 
The mould must be all in one piece, and 
without seams. The wax, therefore, can- 
not be withdrawn without destruction 
either to itself or to the mould. But 
as the mould must be preserved till 
after the bronze is cast, the wax is 
withdrawn by melting it out. The 
bronze is then poured into the cavity. 

Of course, this is not so simple as it 
sounds, and yet there is^ nothing in it 
that may not be successfully carried out 
by an artist in his own studio with 
small works, that is to say, under life- 
size. 

The first thing that claims attention 
is the wax. This must be made harder 
for summer weather, and softer for 
winter use, unless, indeed, the artist is 
careful to keep his studio always at one 
temperature. This seems a small 
matter, but, nevertheless, it is of great 
importance, and much of one's comfort 
in working depends on it. 

There are many different wax compo* 
sitions, almost every founder having his 
favourite mixture. The chief ingredients, 
however, are beeswax and Venice turpen- 
tine. Some artists make use of no other 
ingredients and use no colouring matter. 
Most men, however, use in addition to 
the above, rosin, lard, tallow, and pitch 
in varying quantities. Excellent wax 
can be made either with or without 
these latter. Yellow wax is not easy 
to model in ; it is therefore the general 
practice to stain it, in order to get rid 
of some of its transparency. In Italy, 
it is almost always coloured a brilliant 
red, with sulphide of mercury, which is 



entirely evaporated wh^ii the wax is 
melted out, and leaves no residue in the 
moulds. Almost any pure vegetable 
colour will do, or, indeed, any colour 
that will burn without leaving a resi- 
due ; this is easily tested by placing a 
lump of the wax in a small white clay 
crucible, closing the top with a cover, 
to prevent any dirt getting in, and then 
burning away the wax. When the wax 
appears to have been consumed, gradu- 
ally raise the temperature to a cherry- 
red heat, and then let it cool down. If, 
when the crucible is quite cool, you find 
it also quite clean, without any residue, 
you may be sure that your wax is good, 
and that the pigment used is perfectly 
safe. 

Having prepared the wax, and satisfK'd 
himself that it is of the right quality, 
the artist proceeds to construct his 
model. He could make this at once in 
wax, and then cast it, but in event of a 
failure his work would be lost. As 
this is undesirable, he usually proceeds 
exactly as if the work were to be sent 
to a foundry, and having prepared his 
plaster model, he cuts it in pieces and 
moulds it in plaster, making safe moulds 
of each paft. From these moulds the 
hollow wax models are produced. Of 
course, it is far better for the artist 
himself to re-touch these than that they 
should be so treated by any other 
person. 

There are various ways of producing 
these wax models. Some artists cast 
them by pouring the melted wax into 
the mould, in which a core has been 
previously placed ; others line out the 
mould by squeezing into it sheets of wax 
that have been prepared so that they 
easily take the required impress. Others, 
again, brush the liquid wax into the 
various parts of the mould, and having 
thus satisfied themselves that the sur- 
face is everywhere covered with a thin 
Liyer, they put the mould together, and 
fill it with melted wax, which, after a 
few seconds, is emptied out, leaving, 
however, an equal layer adhering to the 
former coat. Thb operation may be 
repeated as often as desirable; each 
time increases the thickness of the wax^ 
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^nd colisequently of the bronze. Making 
the wax casts sounds a simple matter, and 
yet it is almost the most difficult thing 
connected with the waste wax process. 

In Italy, where this system is much 
practised, nearly every formatore can 
get out good casts, but here it is dif- 
ferent, and the sculptor will probably 
have to train his moulder. It is merely 
knack and practice, and any intelligent 
moulder will soon get into the way of it. 

Extreme sharpness of impression is 
not so very important, though that of 
course counts for something ; but it is 
generally preferable to work the waxes 
entirely over, and instead of merely re- 
touching, to finish the work in the wax. 
It is the inside of the wax cast that is 
very important, because it should have 
a proper thickness of wax in every part, 
no more and no less. It is safe, how- 
ever, to have rather too heavy than too 
light a cast, as there is no vitreous skin 
formed by a thick casting, as is usually 
the cnse when the piece mould system 
is employed. 

The various parts which compose the 
figure having been prepared in wax, it 
is the part of the artist to join them 
together, and finish the work in wax 
exactly as he wishes that it should 
appear in bronze. The wax, bdng 
hollow, must be moulded or cored on 
the inside. 

If the work is a very small one, say 
18 in. high, you may finish the wax 
first, and then put a few wires through 
it at various points, which serve to keep 
the core in place ; you can then pour 
the liquid core into the wax model, 
which will be strong enough to resist 
the pressure during the few moments 
required for the material to solidify. 

If, however, the work is much larger, 
the wax will not have strength to sup- 
port its own weight, much less the 
internal pressure of the core. In such a 
case, it is requisite that the core be cast 
before removing the wax model from its 
mould. The plaster safe mould must 
in this case be so constructed that it can 
receive and hold in place the irons 
which support the core and retain it in 
position. For this purpose, holes must 



be made through the walls of the safe 
mould to permit the irons to project. 
They must afterwards be held by the 
walls of the waste mould in which the' 
bronze is to be cast. 

The safe mould then, being lined to a 
proper thickness with wax, and having 
the core irons in position, is filled up 
with the liquid composition used for 
coring. The usual mixture is plaster 
and brickdust ; some use other ingre- 
dients, — indeed over 2 dozen have all 
been used for this purpose. The pro- 
portions are very various, some recom- 
mending \ brickdust and j plaster — and 
others f brickdust to \ plaster. The 
truth is that these materials vary so 
much in their character that those pro- 
portions which are quite satisfactory in 
one locality are worthless in another. 
It is best to use as little plaster as will 
suffice to bind the materials together. 

The core, being surrounded by liquid 
bronze, is under conditions exactly op- 
posite to those of the mould which 
contains the metal. The action of the 
metal is exerted to compress the core 
and to burst the mould. Moreover, its 
greatest bursting power is exerted 
whilst it is in a statvof perfect fluidity ; 
on setting, it contracts, relieving the 
pressure on the mould, and powerfully 
compressing the core. If the core \s 
too hard and unyielding, it is certain 
to crack^ the bronze. It should be what 
is technically called '* puffy," that is to 
say, somewhat easily compressible ; on 
the other hand, unless it has some 
ventilation to the outer air, it should 
not be too porous, or it will generate 
gas too rapidly by contact with the hot 
metal. In cores of considerable size it 
is always safest — indeed, necessary — to 
provide some means of escape for these 
gases by venting the core. 

When such a vent or " lantern ** is 
used, the core can be made more spongy, 
and consequently more readily yielding 
to the compression of the cooling metal. 
It is, however, a fact that, while modem 
practice amply justifies the use of a 
core-vent or lantern, the largest works 
cast by this method of which we have 
any historical record were all success* 
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fully cast without any such precaution, 
nor is there any mention of such a 
practice before the latter half of the 
present century. 

The wax model with the core inside 
can be kept for an indefinite time, and 
thus the artist has ample Opportunity 
to work on the wax, and bring it to as 
high a degree of perfection as his talents 
will permit. When, however, he desires 
to cast it, his first care must be the 
arrangement of the jets and rents. The 
jets are tubes destined to distribute the 
metal throughout the cavity of the 
mould, and the vents are other tubes 
which afford an exit to the air violently 
expanded and displaced- by the molten 
bronze. The jets are comparatively 
unimportant, for the bronze, following 
the laws of fluids, will certainly 611 
every part of the mould, provided the 
air offers no obstacle to its progress. 

It is, therefore, usual to have more 
vents than jets, and they should be so 
placed that wherever there is a bell or 
pocket formed by the configuration of 
the mould in which the air might be 
imprisoned, there must also be a vent 
provided for its escape. It may seem 
strange, but greate^attention is needed 
in this respect in small than in largei* 
works, because in a large work the 
metal does not set so rapidly, and thus 
gives time for the air to escape into the 
pores of the mould, whilst the pressure 
to do so is much greater. In any case 
the labour of placing these jets and 
vents is but small, and as their import- 
ance is paramount, the best advice 
always will be " When in doubt put a 
vent — put a dozen rather than run even 
a small risk." 

Piece-moulding in loam does not 
require the same attention in this par- 
ticular, as the joints in the mould act 
as a complete network of vents. This 
seems a very great advantage over the 
wax process, and so it would be were it 
not that the method of placing these 
jets and vents is so easy and simple that 
it involves but little skill, and is easily 
done by an assistant. The artist need 
not lose his time over it, beyond defining 
their positions and ^'elative sizes. 



The jets and vents, being merely a 
system of tubes leading from the outside 
of the mould to its inner cavity, become 
of course filled with metal, which remains 
as solid rods attached at one end, while 
the other end is free in the air. * All 
that is therefore needed is to make rods 
of wax of the required size, and attach- 
ing them by one end in their proper 
position on the surface of the work, 
bend them into the required curves. 
As, however, it would be inconvenient 
to pour through more than one jet^ it 
is usual to join them together in groups, 
and to bring these again together to 
one main jet, which leads directly from 
the basin, or ''sow," into which the 
bronze is poured. By*this means, the 
bronze flows from the main jet through 
all the subsidiary ones to the different 
parts of the mould. 

The vents are treated in exactly the 
same manner, except that they do not 
usually end in one main duct but in 
several, as may be most convenient, nor 
do they rise to the basin, but come to 
the open air at the top of the mould, 
outside of the sp<ace occupied by the 
pouring basin. 

Besides the jets and vents there are 
other rods of wax which are called 
drains or spouts'; these are placed on 
the lowest portion of the work, and lead 
through the thickness of the mould, but 
slanting a little downwards to the open 
air. Their object is to drain away the 
wax where it is melted out, after which 
they have to be securely stoppered up. 
In very small works drains are entirely 
omitted, and the mould is merely turned 
upside down to allow the wax to run 
out. 

There are two principles of pouring 
bronze, each of which has its advocates. 
The one is the descending and the other 
the ascending principle. In the former 
the bronze is cast directly into the 
cavity from above, as shown on Fig. 198, 
which is not designed to represent any 
particular work, but merely to illustrate 
a principle. By this method, the 
bronze enters through all the various 
jets,and gradually fills the mould until it 
reaches the top. In the second or ascend- 
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Ing principle, as ehown on Fig. 199, 
tha jeU are tafcen right down to the 
bottom of the mould before the}r are 



the molten metal, causing the lattei to 
boil and work, nod thereby endangering 
the delicate and frail inner surface of the 
mould. Moreover, the itreams of metal, 
having united at the bottom, must riiie 
and pBflA ^aiu over the surface of the 
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The disadvantages of the descending 
or direct method are these. When the 
bronze is cast, it flows direct1<r into the 

trickle over the core and oier the sur- 
face of the mould, making n great 
amount of atmospheric disturbance in 
the cavity. These streams unite at the 
hottom, and then the mould begins to 
fill after the ait contained in it has been 
heated and eipanded to the utmost; 
nay, it is more than probable that por- 
tions of air caught between two metal 
streams may be dragged along nnd forced 
to escape by bubbling upwards through 



mould before it can be completely filled. 
In the ascending principle, the streams 
of metal pass liarmlessly to their lowest 
level before entering the cavity of the 
mould, thus its surface cannot be injured 
by the downivard rush, and the air is 
not brought in contact with the metal 
until it begins to rise in the monld. No 
particle of air can become entrapped, for 
it is all above the surface of the rising 
bronie, with a free eiit through all the 
vents above, through which it is fo'rced 
by the pressure of the rising bronze, and 
' " ipaasion, which. 
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as Wheu the metal enters from above, 
rherefore, always cast on the ascending 
principle. 

The jets and vents having been ar- 
ranged with due consideration, it be- 
comes necessary to think of the mould, 
and to consider the qualities to be sought 
for in a mould for bronze casting. In 
the first place, the material used must 
be one that is easy of application, and 
of a nature to resist the intense heat to 
which it must of necessity be subjected. 
It must also not be antagonistic to the 
metal, which would otherwise be spurted 
violently from the jets and vents, besides 
which it would certainly yield a blunt 
and bad impression. There are many 
recipes for such moulds extant ; almost 
everyone who practises this art has his 
favourite mixture, concerning which 
much secrecy is observed. There is, 
however, no great secret about this 
matter. Many of these moulds, es- 
pecially those of large size, which, of 
course, have to endure the most heat, 
are made of lutOy or pot^e, as it is in- 
differently called. Thjs is nothing more 
than a mixture of which the basis is 
fine loam. The loam may be natural 
or artificial ; the whole secret consists 
in purifying it sufficiently, and in grind- 
ing it very fine before use. The mate- 
rials mixed with it are fire-clay (burnt 
and ground to an impalpable powder), 
emery, rotten-stone, hammerscale, &c., 
&c., the only object being to obtain a 
very fine and fire-resisting powder. 
Old crucibles powdered up are highly 
recommended by no less an authority 
than Cellini. Some material has also 
to be used that will bind this powder 
together. The celebrated founder, Jean 
Balthazar Keller, used white of egg and 
horse-dung. Cellini preferred rotten rags 
and cow-dung. The result sought for 
and attained in either case was the same. 
The body of the mould was composed of 
a very fine fire-resisting powder, held 
together by some other less refractory 
body, the result of which was that the 
mould, when tolerably dry, was firm 
and solid enough, but when exposed to 
a great heat it became very friable and 
porous. These moulds took a long 



time to make, but the dpetation was Hot 
one that required great skill on the 
part of the workmen employed. 

This is the method of construction : — 
A sufficient quantity of the material 
having been prepared of the requisite 
degree of purity and firmness, a small 
quantity of it is placed in a mortar, 
and ground up until it becomes of the 
smoothness and consistency of oil paint. 
Armed with a soft bristle brush, and 
with a pot of this paint, the assistant 
proceeds to give the work one complete 
coat — an even, thin coat, just as if he 
wished to colour it. This is allowed 
time to dry,, when, if it has been laid 
on thinly and evenly, it will be found to 
have dried without a crat^k. A second 
coat is now laid on in the same way, 
and with the same care, as thinly as 
possible. This is again allowed to dry, 
and so on for about 30 coats. After the 
first 5 or 6 coats, however, a portion 
of cow-hair may be worked into the 
paint, and it may be spread a little 
thicker. After about 30 coats have 
been given, there will be a thickness of 
about } in., and the mould may now be 
completed by building up in thicker 
layers until a sufficient strength is 
obtained. The mould must be hooped 
about in all directions with iron bands 
to strengthen it. After this, it being 
apparently pretty dry, a temporary kiln 
is built round it, and a gentle fire is 
kept up until the wax fiow^s out through 
the drains before mentioned. A con- 
siderable quantity of wax will be lost, 
but some of it may be saved by placing 
tubes at the drains to lead it outside the 
kiln. This operation is usually, but not 
invariably, conducted in the pit beneath 
where the metal is to be melted. 

When the wax has ceased To run, the 
fire must be let out, and the kiln taken 
down, in order that the drains may be 
stopped. These must be plugged with 
great care with the same material used 
for the mould ; the kiln is then built up 
again, and the firing is carried on as 
before, until the wax has been com- 
pletely dissipated. When there seems 
to be no trace of wax left, the fire must 
be still kept up, and indeed urged on. 
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until the mould and core are both of a 
line cherry-red, after which the fire 
may be let out, and the whole allowed 
to cool slowly down. If the mould is 
at the right heat, it can be seen on 
looking down the openings of the yents 
and jets, or on putting a piece of tarred 
rope down, when it will take fire if the 
heat is right. 

The kiln being cool enough, it must 
be pulled down, and the pit must be 
filled up with fine dry earth, pressed 
firmly and evenly all round the mould, 
so that the top alone, showing the 
openings of the jets and vents, is visible 
above the ground. Be the work small 
or large, this process of firing is ex- 
actly the same, only that a mould for 
a very small figure can be fired in 
about 8 hours, and a statue may take 
5 weeks. 

tor small works it is not advisable to 
use a Into mould. Compo is quite good 
enough, any mixture of which plaster 
and brickdust are the chief components. 
Many founders use for the moulds ex- 
actly the same composition that they 
use for the core, and it saves trouble to 
do so. It ii better practice, however, 
to use a somewhat stronger compo for 
the mould. Some make an inner skin 
to their moulds, of a closer and harder 
composition than they use for the 
backing up, and this is in accordance 
with theory and good practice. But 
unless the heat is carefully regulated, 
these layers sometimes separate in the 
firing. We will suppose, however, that 
the work has been successfully fired, 
and is in the pit earthed up and ready 
to cast. 

The next consideration is the furnace. 
This may be made in many different 
forms. 

First in power and capacity is the 
reverberatory furnace, with its saucer- 
shaped hearth, and its flat-domed roof. 
It may be made of every varying size, but 
it is inconvenient when made for small 
charges. These furnaces are a very 
ancient invention, but until the end of 
last century they were made without 
any chimney, the draught being supplied 
through two oj %hxe^ |on^ ti'epches, 



with the aid of wind-sails. Modem 
practice has dispensed with these last, 
and added a tall chimney, besides 
flattening the dome of the roof very 
considerably. 

The furnace most suited for small 
works in the artists* studio is, however, 
the common air-furnace for crucibles. 
This furnace is cheap and easy to build, 
and takes up but little room. It is 
usual to build a row of them in the 
form of a low wall along one end of 
the workshop. The usual size takes 
H crucible with a charge of about 
40-60 lb. of metal ; this is easily lifted 
out by one man. If more metal is re- 
quired, several crucibles are poured at 
once. These furnaces are, however, 
sometimes made of much greater size, 
and crucibles are used which will take 
1000 lb. of metal ; but these, of course, 
are not likely to be used by artists 
very frequently. Very convenient is 
a portable furnace, exactly suited for 
artists' occasional use; it will take a 
charge of 82 lb., quite enough for a 
small bust, or a sketch, or statuette. 
Fig. 200 shows an ideal foundry tn sec- 
tion: A, pit ; B, entrance to pit ; c, shed 
or store over stairway; d, crucible 
furnace; E, ashpit with gratings; F, 
flrebox of reverberator ; G, hearth of 
reverberator; H, chimneys; i, flues; 
K, wall of foundry; L, cross-beam; 
H, foundry crane. 

The metal most suitable for artistic 
work is an alloy of copper and tin, either 
with or without the addition of zinc, 
lead, or both. The mixture used by the 
Kellers was, copper 91*4; zinc 5*53; 
tin 1 * 7 ; lead 1 • 37. Copper 87 * 8 ; zinc 
6*52; tin 5*1; lead 0*58; gives also 
a very good metal. Copper 93, tin 7, 
gives an excellent bronze. An equal 
quantity of yellow brass mixed with 
this gives an excellent and easy-flowing 
metal. Bronze is usually considered to 
be improved in colour by using zinc, 
and lead is supposed to aid it greatly 
in flowing. Tin gives great haixlness, 
and when the amount of tin used is over 
20 per cent, the metal becomes useless 
for artistic purposes. A bronze com- 
posed of copper ^n4 3-4 per ceftt. of 
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precautious to be observed. The crucible 
stand is placed on the bars at the bottom 
of the empty furnace. The height of 
this stand should be such as to bring 
the top of the crucible 2 in. below the 
throat of the furnace. The stand should 
have a thin layer of ashes on it, to 
prevent the crucible sticking to it. 
Then put in as much metal as the 
crucible will contain, and cover it over 
with a proper cover: throw 2 or* 3 
shovelfulls of live coke into the furnace, 
and fill up all round your crucible with 
good clear broken coke up to the level 
of the crucible top. Place some latge 
pieces of coke on top, taking care that 
they do not get in the throat of the 
furnace, and so choke the draught. Put 
on the cover of your furnace and draw 
out the damper, and fire as hard as 
you can until you find that the metal 
has run; then add more and more by 
degrees until you have a full charge. 
Some keep a thick layer of charcoal 
dust on top of the metal, others do not 
take any precaution to prevent the 
formation of dross. Most persons, how- 
ever, add a little borax, which power- 
fully cleanses the metal. It must be 
well skimmed off before pouring. 

When the metal is ready to be with- 
drawn from the furnace, the coke must 
be cleared away from the pot, so as to 
make room for the crucible tongs. 
These are placed over the pot, and kept 
closed by a ring. The pot is then lifted 
vertically by one or by two men, and if it 
is a small one it is poured at once out 
of the tongs, but if it is a large one it is 
placed ,in a receptacle called a cradle, 
which is carried' by two or more men. 
Sometimes it is poured into a hand 
ladle, or shank, and thence into the 
mould. This is not, however, usually 
done unless the contents of several 
crucibles is required, and then it is 
better to form a large basin, or core, at 
the top of the mould, the openings of 
the jets being closed with plugs. All 
the crucibles should be poured into this 
basin befbre drawing the plug; this 
ensures a clean casting, as all impurities 
float on the surface, and are not carried 
into the mould, Wh^n this basin is not 



used, it is of the utmost importance 
that the bronze should be thoroughly^ 
skimmed. If the metal runs down 
quietly, and rises up in the vents till it 
reaches the surface, it is a sure sign 
that the mould has filled properly. If, 
on the other hand, it makes much 
noise, and, worst of all, if it spurts and 
splutters in going down, and does not 
rise up again in the vents, it is certain 
that the casting is a failure. 

The moulds for small — ^indeed for all 
— work should be broken down as soon 
as practicable after the metal has set, 
but great care must be used not to 
eipose the surface of the casting too 
soon, for while it is red hot bronze is 
extremely fragile and liable to injury. 
The statue, on being freed from its 
mould, will be found with its system of 
jets and vents perfect as they were made 
in wax. These are then cut ofi^ with a 
saw as near as convenient to the surface 
of the statue. The figure is then well 
brushed with wire brushes, to remove 
all the particles of the mould; it is 
then placed in a bath of very dilute 
acid to pickle, as it is called. This 
cleans the surface of the metal veiy 
completely, and the artist can then 
repair any little defect that remains, 
as, for instance, the places where the 
jets have been and the like, after which 
it is usual to give the work its patina 
or colour, which is produced by the 
action of various salts and acids on the 
surface of the bronze. A great variety of 
tints are obtainable, and in the selection 
of these every artist will, of course, 
exercise his own taste and judgment. 

Although there are, both in England 
and abroad, excellent statue founders, 
whose work leaves nothing to be de- 
sired as far as the ordinary run of 
bronze work is concerned, and who are 
even able to go considerably beyond the 
average requirements of commercial 
sculpture, yet it is a matter of deep 
regret' that autograph work in bronze 
is almost non-existent in England at 
the present time. Sculptors used, even 
in this country, to be their own bronze 
founders, and that f^i no yery distant 
date, 
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If artists could be persuaded to be- 
come once more their own founders, as 
far, at least, as small works are con- 
cerned, I do not think that it would be 
a matter for regret even to the manu- 
facturers of cabinet bronzes. These 
would still command a large sale, as the 
autograph works produced by artists 
would of necessity be higher in price 
and few in number. It may be objected 
that bronze casting is not an artistic 
but a mechanical employment. Against 
this yiew of the case I must earnestly 
protest, as my own experience is that 
bronze casting requires quite as much 
artistic skill as marble earring, and 
that neither the one nor the other 
should be in other hands than the 
artist's own. (G. Simonds.). 

It is necessary, in the wax process, 
that the mould shall be hot, but it is 
not made hot on purpose ; the bronze 
is poured in as soon as the mould is 
cool enough. In small castings, the 
hotter it is the better, so that it is not 
red'hot ; in large castings it should be 
pretty cool, because the body of metal 
being so large, it heats the mould so 
much, that if it were too hot at first, it 
would produce sandbum on the surface. 
The joining of the pieces is done by the 
box-joints already described ; a small 
rim of metal is left standing at the 
edge of each joint, and when the two 
are fitted together, these little rims 
are screwed or riveted together, and 
then the metal is worked down with 
punches. Sometimes they are burned to- 
gether. In order that the colour may 
be uniform, it is necessary, that, when 
casting a subject in many parts, the 
whple of the metal should be mixed at 
once, whether it be cast all at once or 
not, so that there may be no mistake 
about getting the same alloy each time. 

The green j^a^ma on statues is usually 
given by some acid or salt, sal am- 
moniac being generally used. The sur- 
face is scratchbrushed and cleaned off 
as perfectly as possible, to get off every 
particle of grease, and then a strong or 
weak solution, according to the colour 
4esired, is stippled on with brushes ; if 
tlje statup be yft^Tu^, spiwuch the better, 



as it makes the evaporation quicker. 
Some patinas are produced by heat. 
It is a very complicated subject, and 
one on which very little is known, and 
consequently the results are various 
There seems no scientific accuracy about 
it.r The Chinese and Japanese probably 
know more about it than we do. 

In some cases, a small piece is cut out 
of the wax model for the introduction 
of the core, and is afterwards fitted on 
again. In larger works, openings must 
be left to get the core out, as it is not 
desirable to leave it in. That is one 
reason why large statues should not be 
cast in one piece. A colossal figure cast 
in wax in one piece at Pappi's in Flo- 
rence, the height being 12 ft. 4 in., was 
a very large and difficult work to cast in 
one piece. In order to get the core 
irons out without injury, little boxes 
had to be made here and there, with 
lids, and these lids, instead of being put 
back into their places and closed up, 
were attached by little jets and vents 
of their own to the casting ; then the 
core irons were got through the open- 
ings, and each little lid was afterwards 
fitted into its place, and all those joints 
had to be closed up. It seems just as 
well to have the statue in several pieces 
fitted with a good box- joint. 

In a large statue the cores add very 
much to the weight ; besides which ihe 
core might absorb moisture and freeze, 
and cause cracks in the statue. This 
has occurred in some bronzes at Venice 
where the core had been left in. In 
small articles there is no objection to 
leaving the core in, except the addi- 
tional weight, which would not be great. 

As to the proper thickness for the 
metal, in large work the thinner the 
better, in small work it would be diffi- 
cult to cast if they were made too thin. 
What is veiy thin for a large work 
would be very thick for a small one ; 
and small works are generally much 
thicker in propoi*tion than large ones. 
It is very difficult to get a uniform 
thickness throughout if the wax is very 
thin. A casting no thicker than a 
penny would be very thin. The thick- 
i)ess is governed bv the su^f^c^ ov^r 
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which the metal has to run. It woald 
not do to be too thin, or the metal 
wonld chill before the whole surface 
was covered. In the Wellington monu- 
ment, the metal is about | in. ; in the 
Sphinxes \ in., because there is a greater 
surface for the metal to run over. In 
the Beaconsfield statue it is about J in. ; 
but in some portions | in. Some por- 
tions of a statue may be almost solid, 
where there are folds in the drapery 
not large enough to get a core in pro- 
perly ; but it does not do to cast too 
many parts thick, or in cooling they 
will draw away from the thinner parts 
and break. 

(6) The method of 'making moulds for 
the Cera perduta process appears to me 
to be antiquated and by no means 
simple, or likely to give certain results. 
The material used for the cores, \.e,, 
plaster of Paris and brickdust or loam, 
although firm when set, becomes friable 
and weak after firing, causing great 
liability to waste and risk of sandy 
dirty castings. A certain amount of 
plaster is necessary for constructivo 
purposes, but some binding material, 
such as soda or other flux, should be 
mixed with the core to bind it together, 
when burnt ; the venting of the cores 
may be greatly assisted by adding saw- 
dust to the mixture, which burns out, 
leaving the core porous, and assisting 
its strength by the fusible salts con- 
tained in the wood. 

For the outer mould a first layer of 
very fine loam, ground in petroleum 
oil, should be applied with a brush, and 
over this a few coats of mixture of fine 
sawdust and loam, to which has been 
added a proportion of short fibrous 
asbestos, the outer casing being made 
of the same mixture but coarser. Each 
coating must be put on in such a 
manner by the point of the brush as to 
leave a rough surface, which readily 
binds and adheres to the next coating, 
and it will, of course, be understood 
that the asbestos fibre must be mixed 
by hand ; if ground in a mill the fibre 
is destroyed, and the asbestos becomes 
useless. A mould made in this manner 
pai^ \)Q done rapidly, dvie? in a short 



time, and will never crack ; in fact, it 
is strong enough to stand the pressure 
of the fused metal in small work with- 
out binding or any external assistance, 
and there is no risk in handling the 
moulds without any special care. I 
have lifted a block of this material 30 
to 40 lb. weight when half dried, by 
one comer, and dropped it a distance of 
3 ft. without a crack appearing. The 
system of pouring the metal from un- 
derneath is not so important with these 
moulds ; they are as firm as an ordinary 
Bath-brick. At the same time it is 
always advisable for artistic work where 
fine surfaces are necessary. The air out- 
lets may be formed by thin sticks of 
wax, as they can be numerous and very 
small ; but the '^ gate " or inlet for the 
metal is usually much better for large 
surface work if made wide than very 
narrow, and if of this shape it can 
usually be placed where it can be cut 
off, and no finishing is necessary. 

There is one method of pouring which 
is only practised for some special pur- 
poses, but which would give perfect 
results in figure casting, as the metal 
flows calmly in without any rush or 
disturbance. In this method the gate 
or inlet is at one side near the bottom, 
the basin or "sow''* is immediately 
below it, and' the basin' and mould are 
fastened together and mounted on a 
swivel. As soon as the melted metal 
is placed in the basin, the whole is 
gradually tilted over, the metal flowing 
quietly from the> basin into the mould, 
the vents and riser being of course on 
the same side as the gate or inlet, so 
that when the mould is turned com- 
pletely over all the openings are on the 
upper side. 

Many castings are liable to be spoiled 
through deflciency of metal; this can 
always be obviated by taking a known 
bulk or weight of modelling wax for 
the work, and weighing the remainder 
after the work is done. A little simple 
calculation will enable the correct 
quantity of metal to be ascertained, 
and an allowance of about 25 per cent, 
additional will cover all necessary for 
gate, ris^r, apd vents. (Thps, Fletcher ) 
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(c) The 'if apanese are the real autho- 
rities to whom we must turn for ^id- 
ance in the use and treatment of alloys, 
both in texture and colour. First, as 
regards texture, they seem to delight 
in copying in metal-work the most 
delicate texture; even the bloom on 
the surface of fruit is not beyond their 
admirable skill. In tracing the nature 
of their methods, it is necessary to 
repeat what has often been said re- 
specting the alloys they employ in order 
to produce their wonderful results. 
There is a wide range of such alloys, 
but the principal of them are but few. 
There is an alloy of silver and copper, 
sometimes with, equal proportions of 
precious and base metal, and there are 
endless varieties of copper of different 
degrees of purity. There are several 
kinds of brass. They have also a re- 
markable series of alloys, in which the 
precious metal replaces the tin and 
zinc of ordinary bronze; but really 
their main alloys, with the exception 
of bronze, are comprised in the follow- 
ing examples. 

The first is called shakinio ; it con- 
tains : — 

(a) Copper • . • • 

Silver • • t • 

Gold • • • • 

Lead . . . • 

Iron and Arsensic . 




(b) Copper 
Silver 
Gold 



(Gowland.) 99*89 

. • • . 95-77 

. • . . 0-08 

. . . . 4-16 



(Kalischer.) 100-01 



at Nara in the 7th century being 
specially remarkable. The quantity of 
gold is, however, very variable, and 
certain specimens contain only 1*5 per 
cent, of the precious metal. The next 
important alloy used by the Japanese 
is called ahibthicM :-^ 

(c) Copper , , , . 67 '31 
Silver, • . . .32-07 
Gold. .... traces 



Iron. 



(Gowland.) 



52 



(d) Copper 
Silver 
Gold 



99 


•90 


51 


•10 


48 


•93 




•12 



100-15 



or in addition to about 95 per cent, of 
copper, as much as 4 per cent, of gold. 
It has been used for very large works. 
Colossal statues are made of it, one cast 

(e) 
Verdigris , ,. 438 gr. 

Sulphate of copper .. .. 292 gr. 

Nitre — 

Common salt — 

Sulphur — 

Water 1 gal. 

Vinegar — 



(Kalischer.) 

There are many varieties of it, but 
in both these alloys, sJiaku-do and 
shibU'ichi, the point of interest is that 
the precious metals are, as it were, 
sacrificed in order to produce definite 
results, gold and silver, when used 
pure, being employed very sparingly to 
heighten the general effect. In the 
case of shaku'doj the gold appears to 
enable the metal to receive a beautiful 
rich purple coat or patina when treated 
with certain pickling solutions, while 
shihurichi possesses a peculiar silver- 
grey tint of its own, which, under 
ordinary atmospheric influences, be- 
comes very beautiful, and to which the 
Japanese artists are very partial. These 
are the principal alloys, but there are 
several varieties of them, as well as 
combinations of shaku-do and ahibu-ichi 
in various proportions, as, for instance, 
in the case of kiu^shibu-ichi, the com- 
position of which would correspond to 
one part of shaku-do rich in gold, and 
two {tarts of shtbu-ichi rich in silver. 

Pickling solutions are made up re- 
spectively in the following proportions, 
and are used boiling : — 



87 gr. 
437 gr. 

87 gr. 
146 gr. 
233 gr. 

Igal. 



.f . ( 



220 gr. 
540 gr. 



Igal. 
5 fl. dr. 
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That most widely employed is (e). 
When boiled in {g) solution, pure copper 
will turn a brownish red, and shaku^^ 
which contains a little gold, becomes 
purple. Very small quantities of me- 
tallic impurity aflect the colour result- 
ing from the action of the pickle. 
Copper containing a small quantity of 
antimony gives a shade very diflferent 
from that resulting from the pickling 
of pure copper. But the copper pro- 
duced in Japan is often the result of 
smelting complex ores, and the methods 
of purificntion are not so perfectly un- 
derstood as in the West. The result is 
that the so-called *' antimony " of the 
Japanese art metal workers, which is 
present in the variety of copper called 
kwomif is really a complex mixture 
containing tin, cobalt, and many other 
metals, so* that a metal-worker has an 
infinite series of materials at command 
with which to secure any particular 
shade ; and these are used with much 
judgment, although the scientific reasons 
for the adoption of any particular 
sample may be hidden from him. It 
is strictly accurate to say that each 
particular shade of colour is the result 
of minute quantities of metallic im- 
purity. 

The action of these solutions is re- 
markable. You have copper to which 
a small amount of silver and a small 
amount of gold are added. The amount 
of gold may be variable, and artificers 
often take credit for putting in much 
more than analysis proves to be present ; 
but a small amount of gold, it may be 
only "1 per cent., is sufficient to entirely 
change the character of the copper, and 
when you come to treat it by pickling 
solutions, you get a totally different 
result from what you* would if copper 
alone were employed. The Japanese 
also take copper and dilute it, some- 
times half copper and half silver, some- 
times only about one-third silver and 
all the rest copper, and that gives the 
lovely series of grey alloys which, 
either by exposure to atmospheric in- 
fluences, by handling, or by treatment 
of suitable pickles, gives the beautiful 
series of \\%h\, and dark greys of which 



the Japanese are so particularly fond, 
and to which the name of shUm^hi is 
given. Then, again, they have copper 
in which small amounts of impurities 
may be present, and the nature of 
such impurity and its amount, which 
seldom exceeds -jjjth per cent., is quite 
sufficient to change the character of 
the copper. The Japanese, working in 
no small measure by rule of thumb, 
find that certain varieties of copper are 
best suited for definite processes, and 
they store them up and use them in a 
definite way. 

In all these cases the precious metals 
are deliberately sacrifice with a view 
to produce a definite result. Why 
cannot we use the alloys (of which we 
have the analyses) in order to produce 
results in these lovely grey tints ? The 
finest piece of shaku-do that I know, 
with its blue bloom, is a beautifully- 
carved sword hilt from the collection 
of Mr. Edward Dillon; and shaku-do 
forms the basis of many specimens of 
Japanese art. In a little medicine case, 
the base is shaku-do, nearly of the com- 
position given in Analysis No 1. The 
enrichments are the grey shiba-ichi, a 
kuromi fish, with 24 tiny dots of gold in 
the space of about one-eighth of an 
inch. Then there is a shibu-icM shell, 
with a gold shell placed beside it, and 
a kuromi carrot, on which a grey shibu- 
ichi mouse, with shaku-do spots let into 
him, is feeding. All this lavish adorn- 
ment is most perfectly done. The 
actual method of manipulation I will 
now describe. 

In the plate of light brown bronze 
(Fig. 201), which presents the simplest 
possible case, there is no attempt at a 
raised surface; the artist has simply 
taken a plate of bronze, 8^ in. diameter, 
he has cut a design in it, and inlaid 
that design with shaku-do. Wherever 
he has scooped out the drawing of the 
beautifully graceful bird, he has inlaid 
shaku-do; and -he has taken a darker 
variety of shaku-do — that is to say, one 
which contains a little more gold which, 
when treated with a suitable pickling 
solution, will come out a little darker 
— and has in that way produced exactly 
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the effect of an Indian-ink painting, in 
a dark and comparatiyely light shade, 



sou 




Japanese plate. 
• 202 




Japanese plate. 



on 



a piece of glazed brown paper. 
There is no attempt at producing an 



effect bj a raised snr&ce, but the de- 
sign is completed by an inlay of dark 
shakurdo on lighter shaku- 
do on a bronze basis. 

In Fig. 202, a larger 
plate, 18) in. diameter, is, 
on the whole, a fair ex- 
ample of the treatment of 
the complex series of 
alloys. They first of all 
take a plain surface of 
copper. In this case there 
is a raised ornament, in- 
stead of a perfectly flat 
one. They scoop out the 
outline of a leaf, undercut 
it to a certain extent, 
make the leaf that they 
wish to insert of a parti- 
cular alloy — it may be 
shaku-^o tipped with gold, 
the surface being rough- 
ened and the gold ham- 
mered on just as a dentist 
would — then the whole 
design is fitted in like a 
puzzle, and the result is 
they build up a picture 
gradually, using coloured 
alloys, or alloys which may 
be coloured by the action 
of a pickle. The basis is a 
plate of copper. In one 
place is a leaf which is not 
really raised, but a little 
sunk below the surface of 
tlie original plate. The 
only relief it possesses is 
obtained by hammering n, 
light variety of gold over 
it. Then comes a red bud 
of kuromi, set with its 
golden points. Then a 
sh^m-ichi leaf, half of 
which is of red kuromi, and 
the bird, of sAa^tt-db, with 
all its feathers carefully 
drawn, and the lustrous 
effect of the plumage pro- 
duced with really consum- 
mate skill by the use of 
fine lines. Then comes a 
shSm-ichi flower with a golden centre. 
This is typical of the wovk they do ; 



tiDW^Vcr lArge or imall it mnj be they I they em^loj a darker alio; for pro- 
Eimplj- inlay these coloured alloys, | daciog the effect of pninting on metnl, 
using g«netallr a eombre base. [ so to speak, in a very remarkable wny. 





.pie in Huish's colleo 
tion, a knife hitoiJle, which preients the 
effect of n duck'a back and wings in 
comparntiTely high relief ivith his neck 
ander irnter (Fig. 303), HeiattHniu^a 

body Ja la high 
relief, hit neuk ia of a different nuance, 
of tinted thaku-do to the rest of his 
body, and il is so beuutirally let in that 
it is lisible only in certain lights, buC 
it produces eiactly the effect of the' 
duck's neck being beloiv the surface of 
the ivatei'. Xo European artificer could 
obtain snch a result ; it shows Ihe moat 
beautifol effects, not merely of teituie 
but blilliancy and transparency. Ihe 
coluur effect ia produced by the use of 
Ihe pickles — the composition has been 
already given ; hot many of the ei- 
tremely valuable old Chinese bronzes 
have acquired their tint simply by 




The Japanest do not merely trust to 1 
obtainiDg effects by high relief, as ia 
the ett«e with thU plate; very oiUn [ Ata (Fig.204>iinporti 
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ttafy Chtueae bronze kettle, in which which the JapaDeu- employ sre taken 

tha DrDsment haa been obtained bf little in th id sheets and soldered together — 

puDctuces from behind, which reflect karomi, ahiiaichi, and )!taka-do — in 

the light. When fiist looked at, you nllernnte Inyevs, as shown in Fie- 205 ; 

would think there were two metals, a they drill conical holes A B in them to 

oopper kettle Inlaid with ailTer; but it a greater or less depth, or roll them 

is nothing but the effect of the polished ' out, and then beat them up from behind, 

surface of brownish copper, with raised I and then fiie off the prominencea C, nod 

fircminences from behind to reflect the | then beat the sheets until the holes are 

igbt and prodnca the effect of another | obliterated, and thus get these different 

metal; c, Fig. 204, is another example of 1 strata, and pvoduce the iMautifully 








Japanese (Ud^ 

similar ornament. Often the surface is 
very beautifully worked, and the effect 
is produced entirely without any Taria- 
tion of colour, for the tint is uniform 
throughout, of u characteristic brass. 
The surface is produced by simply 
striking it all orer with a blunted tool, 
which gives the particular lines c (Fig. 
204). 

The particular Japanese alloys are 
those to which the names of moka-me 
(wood grMu) and mi'yu-ti'Aras'ii (marbled) 
are given. The characteristic alloys 



Japanese bead. 

banded efTects. Fig. 206 shows more 
accurately the method of actual work, 
the pattern being produced by beating 
up a seven-layered plate from behind, 
and tiling the surface Ant. 

Fig. SOT is a cylindrical bead about 
J-in. high; half the cylinder is of the 
marbled alloy (produced as shown in 
Fig. 206), and the rest of the cylinder is 
made up of bands of red-copper shaka-do 
and silver, beaatifully soldered. Fig. 
208, a wonderful piece of manlpulatioD, 
is a bead f-in. diameter ; half the sphara 



li of grey ahibv-ichi, and the reit ia com- | iliahf-da, the effect of wood-grain 
poBed of veij fine Boldeied plates, ihow- (moht-me) being eiactlj imitRted. 

!.- 1. f...i_ <!.. T ii,„ I The lobster red of the JBpaneae is, I 

believe, not a product of pickliog at all, 
but is cuprcuB oxide, formed by heating 
capper in air (it ms)' be id air and 
steam, aa is the case with their well- 
knoim >Dd brilliant coloared cammer' 
cial samples of metal), and then burnish- 
ing it, but 1 Dm not certain about it. 

The Americana have produced some 
ytrj beautiful alloys which show a 
rich purple tint. Thej are npparentlf 
of aiher, and rnnning over the object, 
aaually small, i> a damask pattern in a 
darker shade of the same purple line. 
This beautiful damask-like omament is 
produced appareatlj by inlay, yet it is 
not possible to see that there is any 
' ' jliere the patina in this par- 
is ia some way produced by 
the -iclion of light. 

tlnnv ol these alloys may be blended 
by casting yon may have an alloy 
with a snlidilying point a little lower 
than the reit, and pour the two alloys 
m succession, and the one which sets 
first ma] be coTered by the other one. 
Take for example a brooie god clothed 
in braaa, with brans anklets and brace- 
lets. Thiit is done by pouring brass 
round a copper casting of suitable form. 
Eiidless moditications may ba produced 

th y by po g 11 J n 
th th (1 f R b ts-A t n ) 
ColouriiLg Hetal Wareo — 

Sm 11 ni t 11 1 b tt ns, 

lasp b kles d th ha 
' " ' d til IS p duced 
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may be worked, eren Into a rounded 
surface. Fig. 209 represents a knife 
iocket of alternate layers of copper and 



mb t f o 
by bo 1 ng 1 

oda, and pa g t nt 
po lain d h A 1 n n bag fin) 
pnl ed 1 th g fa)d at J d 

of lead 13 suspended in the solution, so 
aa to keep up the original strength of 
the solation. While the buttona are in 
the solation, the; are touched one after 
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the other with a platinum wire con- 
nected with the positive pole of a bat- 
tery, until the desired colour appears. 
The galvanic current employed must 
not be too strong. The colours are 
more brilliant if they arc heated after 
they have been rinsed and dried* 
Coloured films are more conveniently 
produced upon bright brass by different 
chemicals, by painting with them, or by 
immersion. FoT example : Golden yel- 
low. — By dipping in a perfectly neutral 
solution of acetate of copper. Dull 
grayish green. — Repeatedly painting 
with very dilute solution of chloride of 
copper. Purple. — Heating them, and 
rubbing over with a tuft of cotton 
saturated with chloride of antimony. 
Golden red.— A paste of four parts of 
prepared chalk and mosaic gold. 

In covering an artitle with any 
coloured bronze in powder, it is first 
rubbed with a very little linseed oil, 
and the bronze is dusted evenly over 
it from a dust bag. It is afterwards 
heated in an iron pnn to about 480^ F. 
In recent times small articles are also 
roughened by dipping in strong nitric 
acid, and, after washing and drying, 
they are coated with a rapidly drying 
alcohol varnish that has been coloured 
yellow with picric acid, red with fuch- 
sine, purple with methyl violet, or dark 
blue with an aniline blue. This gives 
the desired colour with a beautiful 
metallic lustre. These colours are not 
very durable and are for inferior goods. 

Copper Welding. — The art of 
welding copper was well known to the 
ancients ; but the secret by which two 
pieces of copper can be joined so as to 
present as perfect a union as that made 
in welding iron was by some accident 
lost, and many millions have since been 
spent in resuscitating it from oblivion. 
The lost -art is stated to have been at 
last rediscovered by James .Bums, of 
Pittsburg. The economic value of the 
process lies in the fact that, even by 
the best methods now known to metal- 
lurgists, copper scrap cannot be econo- 
mically utilised because of the difHculty 
in welding a mass of pieces into one 
body. Bums recently demonstrated 



before a ci'iticstl audience that his pro^ 
cess is not a mere sham. After flatten- 
ing a rod of copper | iu^ diameter, he 
formed a disconnected ring. The usual 
" scarfing " process — forming a union by 
means of an oblique joint — followed; 
and then the operator, after sprinkling 
a certain powder over the piece, pro- 
ceeded to make a weld which, when 
cooled, showed a perfect union. He 
next took the ring, which measured 
2 in. diameter, and submitted it to a 
strain until its longest width had been 
extended J in., its shorter width being 
narrowed to a corresponding degree, a 
circle being thus changed into an 
ellipsis. Til is was a more severe test 
than iron is expected to stand, and 
dem9nstrated conclusively that the 
union of the two ends of the rod was 
not the mere " brazing " of the copper- 
smith. 

Burns's discovery opens up a new 
field in working copper, and will in all 
probability cause great changes in some 
lines of manufacture. At present, to 
make a copper ring for fitting over a 
joint, or making a gasket or joint, it 
had to be cut round ont of a solid 
plate, causing great waste. To repair 
broken or defective pipes, brass had to 
be used; and should an intense heat 
strike the brazed paH afterwards, the 
brass would melt and ruin the piece. 
But by the Burns process the economic 
use of copper is assured, and copper 
scrap, now worth but one-third its 
weight of new copper, would be as high 
in value as ingot copper. It is said 
that the ingredients which form the 
powder used by Burns in welding are 
very cheap. — (Charnbers*s Journal.) 

Enamels for Iron and other 
Metals. — When the enamel becomes 
separated from the metal, or when the 
iron bends away from the enamelled 
side, t.e., when the contraction of the 
enamel on cooling, is less than that of 
the iron, one of the following altera- 
tions must be made in the composition 
of the enamel : — 

(a) Increase the amount of silica. 

ib) Replace part of the boric acid by 
silica. 
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(c) If lead is present, replace pai*t of 
the lead oxide hj alkalies or alkaline 
earths. 

{d) Replace part of the alkaline 
earths by alkalies. 

{€) Increase the alkalies and diminish 
the boric acid. 

(/) Instead of tin oxide, use bone 
ash. 



If the enamel breaks, and the iron 
bends towards the enamelled side, and 
the contraction of the enamel is ther&i 
fore greater than that of the iron, the 
constituents must be altered in the 
opposite sense. The following relations 
by weight give, according to Pctrik, 
good and reliable enamels : — 





PbO. 


Na,0. 


SiO,. 


B,0,. 


Sn Oj. Ca 


I. 


30-8 


18-5 


47-1 


3-6 




II. 


15-4 


18-5 


47-1 


3-6 


15-4 — 


III. 


32-4 


6-0 


58-1 


3-4 


_ — 


IV. 


.. 


18-5 


63-3 


7-8 


— 10-4 


V. 


— 


18-5 


36-7 


14-0 


30-8 — 




Na,0. 


SiO,. 


B,0,. 


SnO,. 


Bone Ash. 


VI. 


18-5 


52-1 


14-0 


15-4 


-^ 


vir. 


18-5 


36-7 


14-0 


— 


30-8 


VIII. 


18-5 


36-7 


14-0 


15-4 


15-4 


IX. 


18-6 


52-5 


14-0 


7-7 


7-7 



The relation between tin oxide and 
bone ash is of great importance. — 
{Monit. de la Ceramigue et de la Verrerie,) 

Gk>ld Beating. — The rough gold 
is put into a stone crucible, melted, and 
poured into a mould which gives it the 
right width for rolling. About 5 oz. of 
gold is generally moulded at a time. 
It is then mn through rollers, the pres- 
sure of which is so great that the little 
bar of gold that is 1 in. wide and about 
3 in. long, after being run through 
several times, becomes a strip about 
14 yds. long and about the thickness of 
a hair. The strip is then cut into 1 in. 
squares. These squares are put into 
what is called a ** cutch." This cutch 
is composed of 180 skins 3J in. square. 
The material that these skins are made 
of is an invention of French origin, and 
is kept secret. Formerly vellum was 
used. A gold square is placed between 
each skin, one directly over the other, 
until the cutch is filled. Two parch- 
ment bands are put over them in oppo- 
site directions to keep them from shift- 
ing. The cutch is then beaten for 
15-20 minutes with a 16 lb. hammer. 
The gold is then taken out of the skins, 
quartered by a skewer, and put into 
what is called the <<8hoder." The 
number of skins 4n a shoder is 680, 



These skins come from what is called the 
"bung gut ** of an ox, one animal fur- 
nishing but two skins. The shoder 
skins are 4 in. square. They are put 
between the skins in the same manner 
as in the cutch. They are then beaten 
for \\ hours with a 10 lb. hammer, 
taken out, and again quartered with a 
piece of reed. They are then put into 
the mould one over the other, as before, 
until the 900 skins which the mould 
contains are filled. This is beaten with 
a hammer weighing 7 lb. for 3-4 hours. 
The leaf is then ready to be trimmed 
and booked. Before the beating pro- 
cess, the skins are heated and primed to 
prevent the leaf from sticking. Heated 
presses are used to take the moisture 
from the skins. Each skin is rubbed 
with a hare's foot with plaster of Paris 
on both sides before beating. Each one 
of the first squares of gold beaten out 
makes 25 leaves, or one book. The 
trimming of the leaves before they are 
put into books is done by a sled-shaped 
machine called a wagon. The trim- 
ming and booking is done mostly by 
girls. The trimmings that are left 
from the leaves are scraped together 
and melted over. A little salt added 
makea it thoroughly clean. The granite 
^lock thftt the beating is done on is 
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about 3 ft. high, the top surface being 
ground down perfectly smooth, so as to 
prevent the blows of the hammer from 
cutting the under side of the mould. 
The operations are well shown in the 
illustration on p. 242. (Scient Amer.) 

Moulding and Cajsting. — Moul- 
ders* Tools. — These comprise the ram- 
mer, vent wire, trowel, various cleaners, 
bead and flange, and similar tools used 
for sleeking, and finally the workmen's 
hands. Simple though these may ap- 
pear, their proper employment involves 
a knowledga of the first principles 
of the art of moulding. The work- 
men's hands are purposely included, 
because in the making of a mould very 
much often depends on the way in which 
the hands are used. Tools will often 
damage a mould, the hands seldom do ; 
the sense of touch is more reliable than 
the pressure of a tool, and for this reason 
a. good moulder seldom uses the latter 
when his hands can be of service. Thus, 
in making an uneven bed for the 
bedding down of a pattern, the whole 
surface will be gone over in detail with 
the hands, in order to judge of its equal 
consistence, or otherwise ; soft places 
are rendered firm by pressure and the 
addition of more sand, and the surface 
is roughened by rubbing the palms of 
the hands to and fro over it. 

Sand is tucked under flanges and ribs 
and into angles by the hand ; pouring 
basins, too, arc rounded up with the 
palms of the hands and fingers, as well 
as runner and riser heads. Broken 
parts are mended better and safer with 
the finger than with the trowel, loam' id 
daubed on by hand, small patterns are 
lifted out by the fingers better than 
with spikes ; in fact, the hands of a 
moulder are of exceptional use to him. 

There are two types of rammers em- 
ployed, the " peggi^ig " and the " flat 
rammer," and each is used in different 
sizes, a (Fig. 211) shows a pegging 
rammer, and the size of the flat end 
piece by which the sand is punched may 
vary from 1 in. by J in. to 3 in. by 1 in. ; 
' b represents a modified form, a being 
capable of going into narrower spaces 
than 6. For ramming between very 



narrow spaces, such as the teeth of 
small gear wheels, and fur small cores, 
a simple round rod of iron is often 
used. The bulk of the work is done 
with these pegging rammers, c being 
reserved for finishing off the sand to an 
approximately level face w;ith the face 
of the flask or pattern, as the case may 
be, and for levelling beds. . 

The flat rammer d represents the 
largest size used, ranging from 5 in. to 
6 in. diameter ; and is fitted with a 
wooden handle, the others having iron 
handles. It is used for going over the 
largest surfaces and for filling in the 
sand around boxes placed in foundry 
pits. The handle is self-wedging, as 
shown at e] the hole being tapered, 
the head of the wedge touching on the 
bottom of the hole drives the cleft 
handle outward, filling up the enlarged 
tapered space. On the proper use of the 
rammer depends in a large measure the 
successful issue of the work in hand. 
Ramming must be done wisely, with 
due regard to the character of the mould 
and the position of the section which is 
being rammed. 

Molten metal always has a tendency 
to fly off from a hard surface, because 
the gas generated from the moisture 
present cannot get away readily, but 
forms a cushion between the metal and 
the mould. In a hard rammed open 
sand mould which is not vented, the 
gases will be seen bubbling up through 
the iron, giving rise to little jets or 
fountains of metal. In a closed mould, 
the bubbling of the metal against a 
hard surface from which the air cannot 
escape with suflicient rapidity will break 
away the sand in patches, causing scab- 
bing. In chilled moulds, not properly 
dried and warmed, the metal will blow 
out. For this reason, a green sand 
mould should always be rammed only 
as hard as is necessary to sustain the 
pressure of metal. The pressure of 
metal is always greatest on the bottom, 
and when the depth becomes very great, 
dry sand moulds are preferable for this 
reason. But with green sand moulds of 
moderate depth a hard bed is necessary 
to withstand the pressure of metal, nnd 

P2. 
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then the practice is to ram a hard 
bottom stratum, and over this a thin 
stratum of softer and more open sand. 
Bubbling at the surface is thus pre- 
vented, as the gas gets through the more 
open sand into the denser body or backing 
below, which is well vented, the venting 
being proportional to the hardness of the 
bed. In the case of a thin shallow 
casting, soft ramming at the surface is 
of more importance than in a deeper 
one, because in the foimer case there is 
little counter pressure exerted by the 
metal tending to 'drive the gas down- 
ward. Harder ramming may be done 
in the top of a mould than in the 
bottom, because any pressure exerted 
there is relieved at once by the risers, 
while that in the bottom is constant. 

At the sides of a mould, again, the 
ramming may be harder than at the top 
or bottom, because the gas can escape 
readily. In any case, the harder the 
ramming, the more complete should be 
the venting, and care should be taken 
when ramming to punch the sand, not 
the bars or lifters or rods. This would 
disturb and crack the sand, and possibly 
cause it to fall out of the mould. 
Neither should the pattern be struck 
by the rammer, since that means undue 
compression of the stratum of sand in 
the immediate proximity, with a re- 
sulting scab at that place. 

The vent wire is another moulders' 
tool of the first importance. Small vent 
wires of J-f*g in. in diameter are repre- 
sented at g (Fig. 211); large ones of ^J 
in. being shown at /. Since the latter 
are long and large, they require the 
use of both hands to drive them through 
the sand, and hence they are provided 
with a cross handle. Only in the case 
of some special work can venting be 
dispensed with, the exceptions being, for 
the most part, loam and open sand 
moulds; but all green and dry sand 
moulds are vented. The necessity for 
venting lies in the presence of air in 
the mould and of gas generated by the 
decomposition of moisture in the sand. 
The amount of gas thus produced would 
astonish any but a moulder or a chemist. 
So soon as a mould is poured, from every 



vent in the top, bottom, and box joints 
issues the hydrogen, which, when fired, 
burns in long lambent tongues of blue 
flame, and continues to burn for half an 
hour or an hour, according to the size 
of the mould. There is enough gas 
thus carried off quietly and safely to 
blow up the mould a great many times, 
if that were desirable. 

The presence of a few blow holes in 
castings will often cause them to be 
condemned, yet these are due to the 
confinement or entanglement of some 
extremely small piortion of gas, some 
few ten-thousandths perhaps of that 
which has escaped through the vents. 
Hence the necessity for allowing full 
provision for the rapid and complete 
exit of the gases generated within the 
mould. Of course the vent wire is not 
the only means of venting employed. 
When large masses of sand, both green 
and dry, have to be vented, it is usual 
to ram up a central portion of ashes 
as a reservoir for the air, which rushes 
off in large volumes. These ashes must 
not be too close to the faces of the 
mould, especially where there is much 
liquid pressure, since the sand would be 
apt to yield there, and produce lumpy 
castings. 

In the case of many dry sand cores, 
ashes not only afford a good vent, but 
allow the core to yield to the shrinkage 
of metal. As to the manner of using 
the vent wire, there is no need that it 
should touch the pattern. The practice 
of moulders differs in this respect; 
some cover the pattern with pricker 
holes, while others, who are more 
careful, scarcely leave a mark thereon. 
Of course, when the wire touches the 
pattern the vent has gone far enough ; 
but a careful moulder, when the nature 
of the work admits of it — that is, when 
the distance from the face of the sand 
lying outside to the face of the embedded 
pattern is pretty regular, as in work 
having . tolerably flat outlines — will 
gauge the distance by first touching 
the pattern with the wire, measuring 
the length, and then pushing the wire 
into a distance \-^ in. less, as required. 
The reason why this space can be left 
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is that the porous hatur^ of the sand 
allows the gas to strike through the 
thickness intervening between the ter- 
mination of the rent and the face of the 
mould. 

For this reason, also, sand of a close 
texture and rammed hard I'equires more 
and closer venting than a free and open 
sand. When, as in bedded-in moulds, 
the vents are driven from the bottom^, 
.face downward, the surface is always 
rubbed over with sand to close the open- 
ings of the vents. If this is not done, 
.the metal gets into the vents and chokes 
them up, produciug a scabbed, if not 
actually a waster casting. The distance 
between the termination of the vents 
.and the face of the mould will depend 
Altogether upon the nature of the work. 

The heavier the work, the greater 
the thickness of intei'vening sand, 
because the pressure tending to force 
the air through is greater j but in very 
thin, light work, it is. necessary to bring 
the vents close to the surface. Sand 
which is overdamped will require more 
venting than drier sand, because ob- 
viously there is more gas generated. 
For close and hard rammed sand, abund- 
ant venting supplies in an artificial 
manner that freedom of exit for the gas 
which the sand itself, through its den- 
sity, fails to provide. 

The connecting together of the vents 
in a mould is done in several ways, 
There is the vent pipe, which connects 
the vents going down to the coke bed 
with the outside of the mould. There 
are the vents from the bottom of the 
drag in turned-over moulds, which con- 
nect the vertical vents from the lower 
mould face with the outside of the flask. 
There are the vents from the upper 
mould face coming directly through 
the cope ; and lastly, the vents coming 
out at the joints of the flasks, and bring- 
ing oflF the air from the mould sides. 
In cases of the latter kind, though the 
vents or "gutters" may be put in at 
random,there is, presuming no61osingup 
of their openings takes place, a certainty 
that the air will strike through, because 
the mass of sand has already been honey- 
combed with the smaller vent wires. 



.The trowel (hif) is a tool which 
is jconstantly in use, doing duty for a 
variety of purposes, and being carried, 
like the carpenter's rule, in the trou- 
sers' pocket, ready for immediate service. 
In company with the moulder's hands, 
it shares the shaping, mending, and 
finishing of moulds, and is just as 
serviceable as its namesake used by the 
mason and bricklayer. It is employed 
for cutting, digging up, and loosening 
the sand in small masses ; for patching 
on portions which have become broken 
down ; for smoothing and sleeking over 
the flat surfivces of moulds, and for 
smoothing down the blacking and plum- 
bago (graphite) whether used wet or 
dry ; while the butt end of the handle 
is improvised for thrusting in nails 
used when mending up. The trowel 
even becomes a sort of rough gauge, 
for the moulder usually tests the close- 
ness of the joint of a pattern, or flask, 
or core, by attempting to thrust in the 
blade of his trowel. If the blade 
passes in, the joint is open ; if not, there 
is not much the matter. Again, he 
marks the outsides of flasks with the 
trowel, chalking the sides of the flasks 
and drawing 2 or 3 lines from one across 
to the other, and when the flasks are 
Anally closed for casting, the coincidence 
of the lines indicates coincidence of the 
mould joint within. Again, for pressing 
down or " pinning " the joint edges of 
moulds, and so preventing crushing, the 
trowel is always used, as it is for scraping 
out core prints when too small for their 
cores, and for cutting vent channels or 
gutters, making good the joints of cores 
and drawbacks, and for a multitude of 
kindred uses, i (Fig. 211) shows the 
common form of trowel, averag.ng about 
5 in. long. This is called the " square " 
trowel, to distinguish it from the 
"heart" trowel A. j illust/ates a 
combination trowel called the " heart " 
and " square," which is used only as a 
touching-up and finishing tool, being 
made in smaller sizes than the other. 

The remaining figures represent tools 
which are all used for cleaning, mending, 
sleeking, and finishing moulds. They 
are called by different names, though 
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their functioiui are essentially similar, 
the names being derived from the more 
especial uses to which they are applied, 
or to their fancied resemblance to com- 
mon articles, k b the " cleaner,^ a 
tool which ranks next after the trowel 
in point of general utility. Its long thin 
blade is used for cleaning and smoothing 
the vertical faces of the deep and narrow 
portions of moulds into which the trowel 
would not reach, for mending up similar 
sections where the fingers cannot enter, 
for boring holes in moulds for chaplet 
stalks, and for core vents; while the 
turned-out foot, standing at right angles 
with the end opposite, is used for lifting 
out sand which has fallen into the 
bottom of deep narrow moulds, for 
mending up and making good damaged 
parts similarly situated, for pressing 
sand around cores after they have been 
placed in their piints, and for many 
similar purposes besides. These cleaners 
are made in widths of blade ranging 
from J in. to about 1} in. 

All the remaining tools (Fig. 212) are 
finishing tools. Taking them in order, 
7 is a square corner "sleeker," or 
" slicker," or " slaker," or " smoother," 
und is used for sleeking the internal 
faces of moulds which stand at right 
angles with each other, m is a tool of 
the same character, but having one face 
curved for sweeps, n is a head tool, 
used for sleeking the hollow impressions 
left by heads, o is a hollow head, by 
which the rounding edges of moulds are 
finished, or those edges which become 
the " hollows " of the casting. All these 
are made in several sizes, large and 
small, as convenient, p is a spoon tool, 
the shapes of the bowls resembling those 
of spoons. They are handy for finishing 
hollow work. The head tool r differs 
from the spoon tools in being narrow, 
parallel, and quicker in curve. It is 
used for cleaning and finishing heads in 
circular and hollow work. q%s a tool 
differing from the last in having square 
edges, which sufficiently indicate its 
use. V w X are fiange tools, being used 
for smoothing the bottom edges and 
sides of flanges and flange-like moulds. 
y z are boss tools, s is a button sleeker. 



^ is a pipe sleeker, and u a modifica- 
tion of the latter. All the tools in this 
group ^re made in different sizes, and 
some in modified forms, and all alike, 
either in iron or in brass. They require 
to be kept clean, and free from rust and 
dirt. For special work other tools 
besides these are made. The most con- 
venient box in which to keep these small 
tools is a plain open one with a bridge 
of iron screwed across the top, by which 
to carry it from one part of the shop to 
another, as required. — {fn'Jusiries.) 

Smiths' Work. — ^Though none but 
a professional smith could hope to 
imdertake elaborate works in wrought 
iron and steel, yet many simple jobs 
can be done with a very moderate amount 
of practice, such as the bending, draw- 
ing down, upsetting, shaping, and weld- 
ing of the plainer kinds of work. 

In a small shop, an ordinary forge 
would be rather cumbersome. Hence 
one of the small portable forges would 
be preferable to a mass of brickwork and 
iron, if it were not for the difficulty of 
carrying off the smoke. If the forge is 
to be in a closed building, there must 
be a hood and chimney. If, on the other 
hand, it could be placed without the 
building, protected by a lean-to roof, a 
portable rivet or similar forge would be 
lighter and less expensive. The circular 
bellows in Fig. 213 are either of the 
single or the double blast type, the 
latter giving a continuous current of 
air, but being also the more expensive 
of the two. Forges with 16 in. bellows 
are the smallest made, and either these 
or 18 in. would be the handiest for a 
small shop. A light framework of bar 
iron supports the circular hearth. The 
circular bellows are carried beneath, and 
are worked by the handle, levers, and 
rocking shaft, the blast being conveyed 
through the bend pipe into the back of 
the hearth. 

The ordinary fixed forge is built of 
brick or stone. The hearth bricks 
simply enclose a hollow space which is 
filled with cinders, and upon which the 
fire is laid. The hearth back is of brick 
or stone, faced at its lower portion with a 
plate of iron, through which the tuyere 
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passes, and pierced at its upper portion 
with a square hole leading into the 
chimney. The chimney need not be 
long, its function not being the produc- 
tion of blast, but only of a sufficiency of 
draught to lead away the smoke. The 
face of the hearth for a few inches in- 
ward from the edges is usually covered 
with a sheet of cast or wrought iron, 
for the sake of protection to the bricks. 
Two troughs occupy the front of the 
forge — a coal bunk, and a slake or water 
trough, the two often being made in one 
casting. 

About the cheapest forge which can 
be made is that shown in Fig. 214, and 
one which any amateur could construct 
at a low cost, and with very little 
trouble. It can be employed out of 
doors, or placed indoofs under a hood 
and against a wall leading into a chim- 
ney. Angle irons for the supports, flat 
bar iron for the horizontal stretchers, 
and sheets for the hearth and coal bunk 
are all that are required. The bearing 
surface of the angle iron will keep the 
structure from rocking ; but if there is 
any tendency to unsteadiness when 
working the bellows, a diagonal brace 
on each framing will prevent it. The 
blast may be taken from long bellows 
placed underneath, and worked by means 
of a lever handle, set conveniently behind 
the hearth back, but keyed to a rocking 
shafb which moves in bearings bolted to 
the under side of the hearth plate. The 
rocking shaft passing thus underneath to 
the front of the forge actuates a lever 
and connecting rod, completing the con- 
nection with the bottom board of the 
bellows. Or the blast can be taken 
from a blower at the back, either with 
single or '(multiplying gear. A small 
forge of this type may measure outr and 
out 26 in. long, 22 in. wide, and 30 in. 
high. The angles may measure 1} in. 
X IJ in. X i in., the bar stretchers 
1} in. X } in., and the sheets about | 
in. thick. 

The supplying of the blast is effected 
either by means of bellows of circular 
or long pear-shaped form or by fans or 
by blowers, and in these matters the 
purse and the convenience of the user 



would be consulted. Bellows are 
worked by a handle and rocking staff, 
and attached to the forge, or distinct 
therefrom, according to convenience. A 
fan is preferable to bellows, and is 
worked by hand or foot, or power, but 
should be driven with multiplying gear 
to get up the speed. In factories a single 
fan worked by a belt from the engine 
supplies blast to a range of forges ; a 
throttle valve under the control of the 
smith regulating the passage of the 
blast to each forgc^ Numbers of small 
forges are now sold very cheaply fitted 
with fans, or with Root's blowers, so 
that the old fashioned leather bellows 
seem to be doomed to ultimate extinc- 
tion. A small fan is shown in Fig. 215. 
The cheeks A are of cast iron grooved 
to a bare } in. deep a, to take the strip 
of sheet iron or brass B, which is 
cemented in with white lead and clamped 
together with bolts h passing between 
the sides. The fan spindle c is carried 
in bridge-like bearings D, bolted to the 
sides of the cheeks, and the fan itself is 
composed of dished sides of sheet iron 
or tin E, between which the vanes d are 
soldered. The dished si(}es are soldered 
to brass rings ^, which run against the 
inner faces of the cheeks. The vanes or 
blades are also soldered to the curved 
ribs/, on the central boss, made of gun 
metal. The actual fan requires to be 
nicely balanced, owing to the high speed 
at which it rotates. The fan sides are 
each furnished with a central hole to 
admit the air. Instead of flat cheeks,^ 
two castings can bo made with curved 
outlines, and bolted together with a 
c^tral outside flange, in the manner so 
familiarly known la foundry and other 
fans; but this means the making of 
tv.ro rather troublesome h^lf patterns. 
The form of blade used in the common 
old fashioned fan is shown in Fig. 216, 
but it is noisy. It is easy to make, the 
blades revolving within the outer 
ctsing, and as close to the sides without 
actually touching them as possible. 

By multiplying gear, we mean some 
arrangement by which the proper speed 
of a fan can be imparted without ex- 
cessive labour at the hand wheel. A 



hetal wore. 




253 



IfBTAt WOftE^. 



hand wheel driving direct to the fan 
pulley will do, but with multiplying 
gear smaller wheels and less work will 
effect the same results. The perspective 
view (Fig. 217) illustrates this gear, 
the relative positions of the wheels 
varying as best adapted to the forge 
itself, and, of course, a treadle can be 
substituted for the handle. As drawn, 
the wheel A would be to one side of the 
fjrge clear of the hearth, its bearing 
being bolted to the hearth back, the 
bearings of the other wheels being bolted 
to the stretchers underneath the hearth. 
10 in. would be a good size for the 
wheels A and B. Bunds are preferable 
to ropes running round grooved pulleys, 
since the latter properly require tighten- 
ing gear for alterations in length due to 
temperature. 

There is also the tuyere or tue iron 
to be considered, its function being the 
conveying of the blast to the fire. The 
nose of a tuyerie would rapidly burn 
away, and does inevitably burn in time ; 
but its destruction is retarded by the 
formation of a water chamber behind 
and around it, a current of cold water 
being made to circulate by convection 
within a conical cylinder through which 
the blast pipe passes, the whole being 
attached to a cistern or ** water bosh." 
Fig. 218 shows this, the more modern 
type, in section, and Fig. 219 a section 
of the older tue iron, made either in 
cast or in wrought iron. These are 
illustrative, however, of the tuyeres used 
for large forges ; but the small forges 
here figured are not provided with a 
water tuyere, because they are not 
subject to so fierce a heat as those of 
larger dimensions, and they are used 
intermittently. The nozzle which re- 
ceives the blast pipe is, therefore, 
simply thickened up in these cases, and 
the boss piece is cast in one with a back 
plate, and thus bolted to the hearth 
back, so as to be readily renewable, as 
in Figs. 213, 214. 

The firing tools are the poker (Fig. 
220), the slice (Fig. 221), and the rake 
(Fig. 222). A ladle is also used for 
lifting water from the slake trough for 
the damping down of the fire. 



The anvil (Fig. 223), of wrought iron, 
steel faced, is often supported at its 
proper height — ^about 2 fib.— on a block 
of wood, having spikes driven in at the 
corners to keep the anvil in place. A 
much neater and better way is to have 
a hollow standard of cast iron (Fig. 224) 
furnished with ledges for the anvil, and 
with holes at the sidea for clearing out 
the scale and dust. Such a casting is 
easily made from a pattern by coring 
out, gives less recoil than wood, and looks 
neat. Anvils weigh from a few lb. to 
4-5 cwt., one of 2 cwt. being of suitable 
size for light work. The conical end is 
called the "beak," or "bick," the steel 
top the " face," the body the " core.** 
There is a square hole, or sometimes 
two square holes, in the face to receive 
the anvil cutter and the various bottom 
tools. 

Of the large number of tools of dif- 
ferent shapes employed by smiths, those 
which are in most constant request are 
the hammers and tongs. After these 
come the different sets, swages, fullers, 
and flatters. A smith who works alone 
is vastly more limited in the number of 
tools which he can employ than one 
who has a striker to assist him. When 
a man is holding his work with the one 
hand and the hammer with the other, 
he cannot be holding top swages and 
flatters and sets as well. But when a 
two-handed job is required, help can 
usually be obtained. 

Of hammers there are two principal 
types, each varying in weight and shape, 
the hand hammer (Fig. 225) and the 
sledge (Figs. 226, 227). The former 
weighs 1-4 lb., the latter about 4-14 
lb. A hand hammer of 2-3 lb. weight 
is useful for general work, the lightest 
hammer, about 1 J lb., being chiefly used 
by the smith to indicate to his striker 
at which points to direct his blows, the 
heavier hammers for drawing down and 
forging light works. The lighter 
sledges are used " up-handed," that is, 
for lifting and striking in a circular arc 
simply, over the work. The heavier 
sledges are swung in a complete circle, 
or " about sledge." The handles of each 
of these hammers are made of ash, well 
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spoke-shayed, and smoothed with glass 
paper, and are wedged witb a single 
wood wedge, as shown in Fig. 228, 
wedges of wood being less likely to work 
loose than those of iron. 

Taking the various tongs in order 
(Fig. 229), we have A and B the flat 
bit tongs, having flat parallel jaws, the 
width of opening of the jaws being 
greater in the " open mouth '* A than 
in the " close mouth " B — the former 
being used for thick, the latter for thin 
work, but each being similarly used for 
the purpose of grasping flat iron bars 
and sheets. The pincer tongs C are 
made in two forms, the first being 
simply concave in the jaws, the second 
veed as shown, the function of each 
being the grasping of round, square, or 
hexagonal bars. The hollow space be- 
hind the jaws allows of collars and 
similar expansions on forged work being 
enclosed thereby. D are tongs of 
similar type, but more widely useful, 
because longer and more enlarged be- 
hind the jaws. The " crook bit tongs " 
£ are very common, and are made in 
various sizes, theJr peculiar shape per- 
mitting of a bar of iron passing down 
by the handles, while the lip on one 
jaw serves to retain the bar in place. 
The " hammer tongs " F grasp punched 
work, entering into the pimched holes. 
The *' hoop tongs " G are for holding 
rings of thin metal. H are ^^ bolt 
tongs " for grasping bolts or rings of 
round bar iron. I J are two forms of 
"pliers." the latter being in constant 
use for general light work, picking up 
light rods, punches, drifts, hardening 
and tempering tools, etc. K are 
" hollow bit tongs," made in many sizes 
for holding rods of circular or other 
sections. While 1< and M are *' flat 
tongs," two of the commoner modifica- 
tions of the last type, and also made in 
several sizes for grasping flat bars of 
different widths and thicknesses. These 
embrace the principal types of tongs, 
but like many other tools, they rapidly 
increase in number, and a single forge 
will have 20-50 pairs of different sizes 
and in various modifications. 

All tongs are made to ^asp their 



work by means of a " coupler " embrac- 
ing the handles or reins (P^ig. 229 H), 
and just tapped over with a hammer 
until they tighten themselves, so that 
the smith has only to turn the tongs and 
work about, the coupler maintaining a 
firm bold of the jaws on the work. 

For cutting off bars, rounding edges, 
and rough dressing of forgings to 
shape, the chisels, or " sets," and the 
gouges are employed. First there is 
the anvil cutter (Fig. 230), whose shank 
drops into the square hole in the anvil, 
before mentioned. The chisel edge 
being therefore uppermost, when a bar 
of cold iron is placed across it and struck 
with the hammer, the bar being rotated 
the while, the latter is nicked circularly, 
and may then be easily broken across 
the edge of the anvil, the fracture ap- 
pearing of a crystalline character. The 
« hot " and " cold " sets (Figs. 231, 232) 
are also chisel-like tools, the difference 
in these consisting in the angle at which 
they are ground, the ** hot set " being 
ground thin, the " cold set " relatively 
thick, and used, as their names imply, 
for cutting bars hot or cold. These arc 
handled in a similar fashion to hammers, 
or on withy rods or rods of iron, the 
sketches indicating both forms, and the 
modes of handling applying indifferently 
to either. Tools like Figs. 233, 234, 
differ only in respect to their width and 
radii, their edges being curved to various 
sweeps for cutting corresponding outlines 
on red hot iron. These ** gouges " or 
" hollow sets " are struck by the sledge, 
the smith holding the tool by the withy 
handles, while the striker directs his 
blows on the head. The bei'el is either 
inside or outside; and when cutting 
through a thick mass of iron, it is 
necessary to withdraw them occasion- 
ally, and dip them momentarily in 
water to prevent softening and loss of 
temper. 

Besides these there are a large num- 
ber of non-cutting tools of different 
forms. Chief among these is the 
*' fuller," used, as its name implies, for 
"fullering" or drawing down iron in 
a series of grooves, for welding, or for 
obtaining a flat surface, or for produc- 
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ing a starting point from which tu 
bend a bar. A **top' fuller " is shown 
in Fig. 235, A, a " bottom fuller " or 
** anvil fuller " at B, the latter resting 
by its shank over the anvil hole, the 
former being handled hammerlike, or 
by withes. The top fuller may be used 
while the bar rests upon the anvil face, 
or the bar may rest upon the bottom 
fuller and be struck by the hammer 
above, or the bar may be drawn down 
between the top and bottom fullers, 
the upper one being struck by the 
sledge while the bar is moved into 
successive positions until the iron is 
thinned or tai>ered by a series of 
grooves. The " nicking fullers ** (Fig. 
235) are made in various sweeps, and 
they fulfil the same purpose for circu- 
lar shafts and rods that the others do 
for fiat bars. 

To finish, plane surfaces, the " flatter " 
(Fig. 236) is employed. This is also 
struck by the sledge, and finishes or 
flattens the surface, removing the un- 
even ridges and indentations left by 
the hammers and fullering tools. 

The " swages " form also a very 
large family in themselves. They are 
80 termed because by their agency 
work is ** swaged " or drawn down and 
made to assume definite outline corres- 
ponding with the shapes of the swages. 
These are, therefore, dies in principle, 
because the work can only assume tlie 
shapes given to the swnges. Being also 
used in pairs, 'one top, one bottom, 
they are commonly called " top and 
bottom tools." Some shapes are given 
in Fig. 237. A are bottom swages, 
that is, they fit by their square shanks 
into the hole in the anvil face. The 
shape of the corresponding top swages is 
seen at B. The ordinary shapes are the 
half-round, the veed, and the hexagonal, 
each being required in different sizes. 
Fig. 238 represents a swage block for 
a heavier class of work, the various 
sectional forms around its edges 
answering the purpose of bottom 
swnges. It is conveniently laid upon 
a cast iron stand, similarly to the 
anvil, on which stand it can also be 
laid flat in order that the central holes 



shall fulfil the functions of '* heading 
tools," that is, of the tj-pe of Fie. 244, 
for finishing the square shoulders of 
bolt heads and similar flat expansions. 
The top and bottom swages are fre- 
quently united in one with a bent rod 
of iron, which serves to keep them in 
line, and becomes a convenient handle. 
They are then turned " spring swages," 
or ** spring tools" (Fig. 230). 

There are three modes of handling 
tools employed by smiths. The first, 
just now referred to, of wedging the 
hammer head fast in the shaft. Tho 
second, that made use of with some of 
the sets, gouges, fullers, and flatters, 
in which the handle is simply thrust 
through an eye in the tool without any 
attempt at wedging, the reason being 
that their constant ^and almost close 
contact with red-hot iron would cause 
wedges to work slack almost directly. 
Hence the smith, previous to using 
either of these tools, usually strikes 
the butt end of the shaft on the anvil 
to tighten the head. Lastly there is 
the method of fixing by hazel rods. 
These are straight hazel sticks about 
^-J in. in diameter, twisted round the 
necks of the tools (Figs. 235, 237), the 
elastic wood preventing painful jarring 
and blistering of the hand of the smith. 
Before being bent, they are soaked in 
water and steamed over the fire, the 
operation being alternately repeated 
until they are sufi[iciently pliable to 
bear bending and twisting, but not 
taking more than a minute or two. 
The parallel rods are united perma- 
nently by a coupler, and are never 
taken off* the tools except when they 
need renewal. Very often it is tho 
practice to substitute iron rods for 
those of wood, as being more durable, 
the rods being bent in the same manner. 

A hook wrench (Fig. 240) is used for 
giving a slight amount of torsion to 
flat bars t^hile red hot, which have 
become twisted or winding in tho 
process of forging. Fig. 241 may be 
taken as a type of the punches which 
are employed for piercing holes throuo;h 
red-hot iron, and Fig. 242 of the drifts 
for enlargiog and making them parallel, 
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the work being laid upon a bolster 
(Fig. 243) the while. Fig. 244 is a 
heading tool, of which there are several 
sizes used for shouldering the heads of 



As a simple example of the practice 
of forging, take the connecting rod 
(Fig. 245), one with a forked end 
being purposely chosen as being mofe 
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bolts and rivets, or any work provided 
with collars, though where a collar is 
welded or otherwise formed on the 
centre of a bar, collar 9 wages are often 
used in preference. 



complete for purposes of illustration. 
This could obviously be made by build- 
ing up— that is, the enlargements at 
the ends could be welded on a bar of 
the dif^meter A; or by swaging down. 
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in which the diameter A would be 
hammered down from a bar of the 
sizes B or C of the larger ends; or 
by jumping up, where the ends would 
be beaten up or ** upset " on a bar of 
diameter A. Or it can be made by a 
combination of these processes if a bar 
of medium dimensions only is available. 
Say we have a piece of bar of the 
dimensions A ; we can get on very well 
with that. We build a fire in such a 
way as to obtain '* a solid core of heat " 
— that is, we have a certain portion in 
front of, but away at a distance of a 
few inches from the tuyere, intensely 
hot, and for the time being open above, 
but flanked nt back and front with two 
masses of wetted hard-caked small 
green coal or " slack," which partially 
confine the heat (Fig. 246), and form a 
reserve supply for the incandescent 
mass ; and the larger the forging the 
larger the reserve of" stock.** Putting 
that portion of the bar which requires 
to be heated — in this case the end — 
into the centre of the fire, cover it over 
with a mixture of stock and new coal, 
so as to enclose it completely, localisiug 
the heat where required by keeping wet 
coal over the portion which is not to 
be heated. Then the blast is put on, 
and the heat is enclosed and intensified 
around the bar. The bar, especially if 
large, is to be turned partly round iii 
the fire now and again to equaHse the 
heat, the blast meanwhile hollowing 
the fire in the immediate vicinity of 
the bar ; now and then, also, it will be 
partly withdrawn in order to be sure 
that it does not get burned. The heat 
at which it should get taken from the 
fire variea^ with circumstances, a full, 
red heat being suitable for ordinary 
forging; while for jumping up, and 
welding, the iron should be white hot, 
and just beginning to throw off vivid 
sparks. Beyond this temperature it 
becomes burned and spoiled. When the 
bar is at the white heat, it is removed 
from the fire by means of hollow bit 
tongs and transferred to the anvil, 
whence we will follow the process 
through, remembering that in smiths' 
work the Tichole manipulation must be 



foreseen from the beginning, and the 
tools all be at hand, so that there shall 
be no hesitation and loss of time and 
heat. We will first suppose that the 
hollow of the forked end is to be slotted 
out of the solid, and then, for further 
illustration, we will assume that the 
hollowing out is to be done at the 
anvil. 

While at a white heat we shall 
" upset '* the iron in order to obtain 
sufiicient breadth for the forked end, 
and to do this a short heat only will 
have to be taken on the end of the bar. 
Thus if the length of the forked portion 
C were 3 in., the end of the bar would 
be heated only to a length of 7-8 in. 
If more length is required, two suc- 
cessive heats should be taken. That 
portion of the bar, then, which lies 
beyond the pnrt which has to be upset 
will not become bent or otherwise dis- 
torted during the upsetting process, 
but remain rigid. The upsetting is 
performed either by jumping the bar 
heavily end on to the anvil, the hot 
portion, of course, being downward 
(Fig. 247), hence also called jumping 
up, or it is hammered with the filedge, 
swung in a nearly horizontal arc, the 
smith holding the bar horizontally on 
the anvil with the tongs, or a heavy 
cast-iron monkey (Fig. 248), suspended 
by a chain, is swung heavily against 
the end of the bar. 

When the amount of jumping up 
which is required is slight, the first 
method suffices; for heavy work the 
latter plans are adopted. Upsetting 
reduces the length and increases the 
breadth and thickness, and the enlarge- 
ment, being very irregular in outline, 
must needs be made considerably larger 
than is actually required. At the same 
time, since the jumped mass will be of 
a rudely circular shape, being simply 
an expansion of the shape of the bar, 
a rough obtline of the shape finally 
required musf be imparted to the end 
by hammering, the hammering and 
upsetting alternating, so that the iron, 
still retaining its heat, is hammered 
approximately level and square on font 
sides, forming a rectangular block of 
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tump at the end of the round bar, 
its extreme dimensions being slightly 
larger than the out and out dimensions 
of the bosses a. By this time it will 
' probably have lost most of its heat, and 
will go back to the fire to be made 
nearly as hot as in the first place. By 
means of the fuller first and the flatter 
afterward, the hollows around the 
bosses and the flats b will be set down, 
and similarly the flats c. The outside 
rounding of the bosses will be imparted 
by cutting off a portion of the corners 
with a hot set, then hammering with 
an ordinary hammer, and smoothing off 
with a top swage struck by a sledge. 
The whole of the black dimensions will 
remain when finished a trifle over the 
bright finished sizes, to give sufficient 
allowance for machining. The round- 
ing off at d is first rudely cut with the 
hot set, or with a gouge tool, the heads 
of those tools being struck with the 
sledge. The angularities will be beaten 
down rapidly with the hammer, and a 
top and a nicking swage of suitable 
curves will be used to impart a finished 
outline. 

The bar will now go into the fire 
again, and the heat will be taken over 
it extending from the fork to about the 
centre. A nicking .fuller may be used 
to shoulder down the square bar to a 
circular section just where it departs 
from the forked end, or if the bar is 
small it may be simply hammered at 
the angles with a hand hammer or 
sledge. When the diameter is roughly 
reduced down to the required size next 
the fork, the original size remaining at 
the centre, it will be readily finished 
by swaging, the proper allowance being 
left for turning. This need not occupy 
more than one heat. The other half of 
the rod can be swaged down in another 
heat. Then there remains the stub 
end B which has to take the strap, and 
this will be jumped up in a short heat 
similarly to the forked end, finished 
with the flatter, and neatly fullered 
down around the neck. 

In this illustration we have supposed 
the space between the fork ends to be 
slotted or drilled out of the solid. 
5 



But if the forked ends were so wide 
apart^that the slotting or drilling out 
of the interspace would be considered a 
heavy task, or if the end were that of a 
rough lever or pump rod which would 
not pay for machining, the forks would 
be forged as 'follows : If the width of 
the bar were less than twice the thick- 
ness of each fork, it would first require 
to be jumped up until its width were 
somewhat more than twice the thick- 
ness — that is to say, if the forks were 
f in. thick, the width of the bar should 
be rather more than l}in., say If in. 
or 2 in. As before, a short heat is 
then taken, extending no farther than 
just beyond the shoulder. The flat 
portion is laid on the anvil, and divided 
through the centre with* a hot set, 
cutting first from one side, then from 
the other, and meeting in the centre. 

Sometimes a hole is first punched 
at the bottom of the hollow. Once 
divided, it is readily opened out first 
to the V-shape (Fig. 249), then the 
hollow is formed by jumping and ham- 
mering over a bottom fuller of consi- 
derable breadth and depth (Fig. 250), 
sometimes termed a dresser, or joint 
dresser, until a rough outline of the 
bifurcation is obtained. Then the more 
exact outlines and thicknesses are given 
in a second heat by judicious hammer- 
ing, and finishing, partly over the 
dresser, partly on the fiat overhang of 
the anVi), if the space between the 
forks is sufficient to permit of this. 
Finally, when the shaping is done, the 
forks must be tried for parallelism with 
the axis of the bar, and if out of truth, 
they will be set over with the hammer. 

It is easy to see how a difference in 
relative proportions would modify the 
method of making which ought to be 
adopted, and since our connecting rod 
is selected, not as of any particular 
size, but illustrative only of different 
methods of forging, we will now make 
it the medium of sundry remarks in 
reference to the practice of welding. 

Upsetting is hard work when the 
quantity of metal to be upset is large, 
and particularly so when done without 
the aid of a monkey, or in the absence 

8 
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of a massive plate which is frequently 
«unk in the floor for the same purpose. 
Welding is, therefore, much easier in 
certain instances. But the stub end B 
(Fig. 245) is not so much larger than 
the original size of the bar in the 
centre; therefore we may upset that 
yery well. Also, when the sum of the 
widths of the two forks is little ipore 
than that of the original bar, and the 
forks are forged as in the last example, 
we may accept the jumpicg up method 
as being practicable. Moreover, in the 
6rst instance described, we upset the 
bar on the supposition that, though the 
end was solid, it was not of great 
width, and this would also be applic- 
able to the ends of many light levers. 
But assuming the end were both solid 
and wide, measuring, say, over the 
bosses 3 or 4 times the diameter of the 
bar in the centre, welding then would 
be preferable because involving less 
labour. 

When making a weld, there are three 
points to be borne in mind: to have a 
joint of sufficient area, and in suitable 
direction for hammering up ; to have 
the necessary temperature ; and to be 
sure of perfectly clean surfaces. For 
the first condition, a scarf joint, that is, 
one running diagonally with the common 
axis of the pieces to be shut (Fig. 251), 
is to be preferred, and is, therefore, 
commonly employed when practicable. 
When a scarf joint cannot be used, a 
veed or cleft joint is suitable. When 
that cannot be employed, a spreading 
joint, made by fullering down a portion 
of the bar, is resorted to. A plain 
butt joint, except when the abutting 
surfaces are of large area, is seldom 
used ; but flat surface shuts are com- 
mon. The temperature for welding 
iron is that just now referred to, when 
the iron begins to sparkle, and to drop 
off in globules. For steel, the tempera- 
ture is lower, barely approaching to a 
white heat. Different qualities of iron 
and steel require different degrees of 
heat, and the temperature in each case 
become a matter of experience. When 
the ends to be welded are taken from 
the fircj^ any scale adherent to the sur- 



face must be detached by striking the 
bar smartly on the anvil, joint face 
downward, or by sweeping away the 
scale with a muck brush. If any 
persistently adhering scale remains on 
the faces, the shut should not be made. 

Fractures occur sometimes from this 
reason, the weld being perfect near the 
edges, but faulty in the centre. The 
joint surfaces are usually dusted with 
sand, but this is not so essential as it is 
sometimes stated to be, provided the 
scale is removed in the manner stated, 
for numbers of ordinary iron shuts are 
made without it. The weld is made 
immediately that the faces are brought 
into contact, by rapid hammering, every 
second at the welding heat being of 
vita} importance. When closed to- 
gether with the hammer, the joint of a 
good weld should not be visible, the 
presence of a black line indicating that 
the shut is imperfect. If during ham 
mering the bar becomes reduced or 
drawn down below its proper size, dia- 
meter, width, or thickness, as the case 
may be, it must be slightly jumped up 
to thicken it sufficiently, and then 
swaged circular, or smoothed with the 
flatter. Iron and iron are easily 
welded, so are the milder varieties of 
steel ; but some hard and brittle steels 
require tact and practice to weld pro- 
perly, and some, if heated over a cer- 
tain temperature, crumble under the 
hammer. 

In a connecting rod, the cotter way 
in the stub end is usually drilled and 
filed out, but in many instances cotter 
ways and holes of other shapes are 
punched and drifted, either to save the 
labour of drilling previous to filing 
through, or as being suitable enough 
for the purpose which they have to 
fulfil. Before punching, the iron is 
brought to a welding heat, or nearly 
so, laid upon the anvil, and the punch, 
struck with the hammer, is made to 
pass half way through from one face. 
It is then knocked back, the iron turned 
over and punched from the opposite 
face, the holes meeting, therefore, in 
the middle or thereabout. Then a drift 
is inserted ii the hole, and either 
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driven half way in from each side, or 
right through, according to circum- 
stances. While the drift is still in 
place, opportunity is taken of giving a 
rough kind of finish to the exterior 
outline. Punches and drifts hecome 
red hot, and soften and hend if they 
remain more than a few minutes in 
contact with the iron, so that it is 
necessary to remove them once or twice 
from a deep hole and quench them in 
water. Punches and drifts are usually 
picked up with the pliers, though the 
former are sometimes finished with 
withy handles. They are circular, oval, 
or rectangular in section, the difference 
being that while a punch is tapered, a 
drift is parallel for a considerable por- 
tion of its length, and tapers only 
toward the end. 

When bending work, various devices 
are resorted to. A turn-down edge at 
right angles would be bent over the 
edge of the anvil, the flat of the bar 
lying horizontally across the anvil, the 
smith grasping the tongs, and steadying 
them against his leg to resist the force 
of the endlong blows. The bar is fre- 
quently nicked across slightly with a 
fuller previous to bending, and the 
fuller, having a circular section, does 
not divide the fibre as a set would do. 
Eyes or rings are bent around the beak 
of the anvil, whose tapered outline 
permits . eyes, rings, loops, and curves 
of many different diameters being bent. 
Fig. 252 shows the method of welding 
a ring and an eye. Rings of large dia- 
meter are finished on the conical man- 
drel (Fig. 253). Small rings are 
finished on a parallel bar or mandrel of 
suitable diameter, the bar remaining in 
place while the outside is finished with 
flatters or swages. When eyes are 
being bent, or other work being per- 
formed on bars of considerable length, 
the trouble of supporting the opposite 
end is saved by driving a rest (Fig. 
254) into the ground, and placing the 
bar in the hollow. 

When doing forging, it is necessary 
to take measurements rapidly— not au 
easy task with hot iron. Hence, gauges 
notched to diflTerent sizes are made of 



sheet iron, say J in. thick, the size of 
each notch beijg stamped above it. Fig. 
255 being a gauge for round, Fig. 256 
one for flat bars. — (English Mechanic^) 

Tools, keeping in condition. 
— ^The following hints* may be found 
useful, especially in amateurs' shops 
where tools are not always in use : — 

Wooden parts. — ^The wooden parts of 
tools, such as the stocks of planes and 
handles of chisels, are often made to 
have a nice appearance by French 
polishing; but this adds nothing to 
their durability. A much better plan 
is to let them soak in linseed oil for a 
week, and rub them with a cloth for a 
few fninutes every day for a week or 
two. This produces a beautiful surface, 
and at the same time exerts a solidify- 
ing and preserving action on the wood. 

iron parts. — Rust preventives. — ^The 
following recipes are recommended for 
preventing rust on iron and steel sur- 
faces ; — 

1. Caoutchouc oil is said to have 
proved efficient in preventing rust, and 
to have been adopted by the German 
army. It only requires to be spread 
with a piece of flannel in a very thin 
layer over the metallic surface and 
allowed to dry up. Such a coating will 
afford security ao^ainst all atmospheric 
influences, and will not show any cracks 
under the microscope after a year's 
standing. To remove it the article has 
simply to be treated with caoutchouc 
oil again, and washed again after 12-24 
hours. 

2. A solution of • indiarubber in ben- 
zinc has been used for years as a coating 
for steel, iron, and lead, and has been 
found a simple means of keeping them 
from oxidising. It can be easily applied 
with a brush, and is easily rubbed off. 
It should be made about the consistency 
of cream. 

3. All steel articles can be perfectly 
preserved from rust by putting a lump' 
of freshly-burnt lime in the drawer or 
c<ise in which they are kept. If the 
things are to be moved, as. a gun in its 
case, for instance, put the lime in a 
muslin b^g. .This is especially valu- 
able for specimens of iron when frac* 
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tared) for in a moderately dry place the 
lime will not want renewing for many 
years, aa it is capable of absorbing a 
large amount of moisture. Articles in 
use should be placed in a box nearly 
filled with thoroughly - slaked lime. 
Before using them rub well with a 
woollen cloth. 

4. The following mixture forms an 
excellent brown coating for preventing 
iron and steel from rust: Dissolre 2 
parts crystallised iron chloride, 2 anti- 
mony chloride, and 1 tannin in 4 of 
water, and apply with sponge or rag, 
and let dry. Then another coat of 
paint is applied, and again another if 
necessary, until the colour becomes as 
dark as desired. When dry it is washed 
with water, allowed to dry again, and 
the surface polished with boiled linseed 
oil. The antimony chloride must be as 
nearly neutral as possible. 

5. To keep tools from rusting, take 
} oz. camphor, dissolve in 1 lb. melted 
]ai*d ; take off the scum and mix in as 
much fine black-lead (graphite) as will 
give it an iron colour. Clean the tools 
and smear with this mixture. After 
24 hours rub clean with a soft linen 
cloth. The tools will keep clean for 
months under ordinary circumstances. 

6. Put 1 qt. freshly-slaked lime, } lb. 
washing soda, } lb. soft soap in a bucket 
and sutHcient water to cover the arti- 
cles ; put in the tools as soon as pos- 
sible after use and wipe them up next 
morning or let them remain until 
wanted. 

7. Soft soap with half its weight in 
pearlnsh, 1 oz. of mixture in about 
1 gal. boiling water, is in everyday use 
in most engineers' shops in the drip- 
cans used for turning long articles 
both in wrought iron and steel. The 
work, though constantly moist, does 
not rust, and bright nuts are immersed 
in it for days till wanted, and retain 
their polish. 

8. Melt slowly together 6-8 oz« lard 
to 1 oz. rosin, stirring till cool ; when 
it is semi-fluid it is ready for use. If 
too thick, it may be let down by coal- 
oil or benzine. Rubbed on bright sur- 
faces ever so thinly it preserves the 



polish effectually, and may be readily 
rubbed off. 

9. To protect metals from oxidation, 
polished iron or steel for instance, the 
requisite is to exclude air and moisture 
from the actual metallic surface ; there- 
fore, polished tools are usually kept in 
wrappings of oil-cloth and brown paper, 
and, thus protected, they will preserve 
a spotless face for an unlimited time. 
When these metals come to be of 
necessity exposed in being converted to 
use, it is necessary to protect them by 
means of some permanent dressing, and 
boiled linseed oil, which proves a lasting 
covering as it dries on, is one of the 
best preservatives, if not the best. But, 
in order to give it body, it should be 
thickened by the addition of some pig- 
ment, and the very best, because the 
most congenial of pigments is the 
ground oxide of the same metal, or iu 
plain words, rusted iron reduced to an 
impalpable powder, for the dressing of 
iron and steel, which thus forms the 
pigment or oxide paint. 

10. Slake a piece of quicklime with 
just water enough to cause it to crumble 
in a covered pot, and while liot add 
tallow to it and work into a paste, and 
use this to cover over bright work ; it 
can be easily wiped off. 

11. 01mstead*s varnish is made by 
melting 2 oz. rosin ift 1 lb. fresh sweet 
lard, melting the rosin first, and then 
adding the lard and mixing thoroughly. 
This is applied to the metal, which 
should be warm, if possible, and per- 
fectly cleaned ; it is afterwards rubbed 
off. This has been well proved and 
tested for many years, and is especially 
well suited for planished and Russian 
iron surfaces which a slight rust is apt 
to injure very seriously. 

Rust Removers. — (1) Cover the metal 
with sweet oil, well rubbed in, and 
allow to stand for 48 hours; smear 
with oil applied freely with a feather 
or piece of cotton wool after rubbing 
the steel. Then rub with unslaked 
lime reduced to as fine a powder as 
possible. (2) Immerse the article to 
be cleaned for a few minutes, until all 
the dirt and rust is taken off, in a 
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Safety crate for carbonic acid bottles. 

generally compressed in steel bottles to 
a pressure of about 100 atmospheres; 



but the pressure depends so largely 
upon the method of filling and upon 
the temperature, that it cannot be very 
strictly defined. It is therefore neces- 
sary to have a large margin of safety, 
and before putting a bottle into use it 
is generally tested to 250 atmospheres. 
In spite of this precaution, explosions 
do occasionally occur, and this has 
created a certain feeling of uneasiness 
in Germany, where the carbonic acid 
industry has of late years developed to 
a very large extent. The use of steel 
bottles for the transport of liquid car- 
bonic acid was introduced in Germany 
about four years ago, and now there are 
over 100,000 bottles in daily use. When 
the bottles are sent by railway or cart, 
they are generally only placed in wooden 
boxes, which is certainly an inadequate 
protection against rough handling, and 
shocks in transport. That an explosion 
of such a bottle may have serious con- 
sequences, is shown by a note which 
has been read by Guntermann before 
the German Society of Engineers, de- 
scribing an explosion of a carbonic acid 
bottle on board a Rhine steamer. For- 
tunately the exjglosion occurred on a 
Sunday, when nobody was on board; 
but the amount of damage done to the 
frame work and deck of the vessel was 
very considerable, whilst even on shore 
the concussion was sufficiently strong 
to break several windows. 

The immediate cause of an explosion 
may be either concussion or exposure 
to high temperature, and the Fleischer 
safety crate is designed to avoid the 
former cause, and to lessen the destruc- 
tive result iif the explosion should be 
occasioned by the latter cause. The 
crate consists of a stout iron frame- 
work formed by rings and longitudinal 
bars, which surround the bottle on all 
sides. A spiral spring is inserted between 
the bottom of the crate and the bottle, 
so that if the bottle is carelessly put 
down during transport, the spring gives 
and the shock is softened. If, noti^'^- 
standing the application of the crate, a 
bottle should burst, the crate prevents 
the pieces being thrown about ; but 
there is little probability of the bottJa 
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flying to pieces at il), for it the fracture 
uccuis in the tide vsll, it caonot easily 
eitead over a diatsnce greater than that 
of tna eonsecutire ringa of the crate ; 
and if the bo'ttia is blown out the apiral 
■pring will give, Bod iillow the carbonic 
acid to escape grndualiy. The crate 
hai the further advantage tliat it doea 
not interfere with the filling of the 
bottle, and is therefore also a protection 
during the proceas of tilling ; while for 
tranaport, the wooden packing chscb 
hitherto cuetomavT may be omitted. — 
(^[adiutries,) 



(i)i 






iDple that the wonder 
i> the idea has never occurred to anyone 
before — for protecting the upper portion 
of carboys when packed in hampers, la 
called the "Marple Carboy Protector." 
The main object cf this appliance is the 
protection from breakage of carboys 
when shipped abroad. It la well known 



paleut pack^e conaisting of a atumpy 
kind of barrel in which the bottle was 
permanently flxed, embedded in a kind 
of cement up to the neck, with a lid 
was very good ji 



ivill hi 



isily understood 



that expense alone prevented iU geiieral 

fte " Protector," as nil! be seen from 
Figa. 259, 260, 261, is simply n loose 
lid made lo fit the h.impers, and cou' 
sisCa of two metal rings, the smaller 
and inner one iutended to fit round the 
neck of the bottle, after being well 
packed with straw or hay on the top, 
whilst the larger or outer ring fits jmt 
inside the top hoop of the hamper, to 
which it will be lashed with twine or 
wire. The two rings are braced to- 
gether with aitra^aCrong narrow hoop- 
iron, and the whole is then varnished 
like the " Marple " hnmpers. 




boy (hamper 



on long voynges. 



placing th( 

hU), in small empcy casKS, packing 
them well with straw, making up the 
lid, bnt leaving handle holea at the 
■ides of the cask. Others cover the top 
of the hamper with a circular piece of 
timber with a hole in the centre to fit 
round the neck of the bottle, and then 
fasten it down t» the hamper with 



This appliance ensures almost absolute 
immunity from break^ige, and its cost 
is trifling as compared with other con- 
trivances hitherto in vogue. The only 
psrt of the bottle tiiat is exposed is the 
corked portion of the neck, and as the 
" Marple " hampers are shaped so as to 
stow easily in tiers, the slight pro- 
jection of the cork above the level of 
the " Protector " ia of no material con- 
sequence. Wa-may add that as evi- 
dencing the practical value of the 
" Pj'otector," we saw a cargo of vitriol 
in bottles being stowed in a narrow 
e^nal boat — perhaps the ipost awkwar4 
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kind of " vessel " to stow carboys in — 
and with the "Protector" affixed, the 
carboys were being stowed away in tiers 
four or five deep like so many drums, 
and the workmen were standing and 
walking about on the tops of the bottles 
as though they were on terra firma. 

The only drawback we can see to the 
general use of the " Protector " is that 
when affixed it is not easy to see when 
the bottle is getting full. This will 
militate against its use, say for the 
muriatic acid trade, where the bottles 
are usually filled by hose quickly, but 
where bottles are filled by funnel, and 
a recognised rule adhered to of filling 
every bottle with a given weight, and 
no more, of any particular chemical, 
there is no reason why the " Protector " 
should not prove as great a boon for the 
home trade as it undoubtedly will for 
the foreign trade as regards chemicals 
consigned in carboys. — {Chem. Trades 
Jour.) 

(c) It has been shown that concen- 
trated sulphuric acid of 66° B. brought 
into contact with straw, wood, and 
other organic stuffs at ordinary tempe- 
rature, can develop volatile organic 
acids and sulphurous acid in consider- 
able quantity. This sufficiently explains 
the destruction of iron parts of vessels, 
etc., not in actual contact with escaping 
acid, and indicates that sleeping in 
enclosed spaces in which concentrated 
sulphuric acid is being conveyed can 
only be warranted where ventilation is 
very good. 

Sgg^. — (1) Buy boxes from the 
grocer at Is. a dozeii and pack in 
meadow hay. Procure a suitable size 
box, fill with hay, press down tightly, 
then makes holes with two fingers and 
thumb of the right hand, and place the 
eggs in position with the left hand. 
Dozens can be packed in this way in a 
very short time. Divisional boxes, 
paper wrapping, cork, bran, sawdust, 
all fade away as soon as this simple, 
expenseless, handy, and expeditious 
plan is adopted. Never buy boxes from 
the manufacturer of boxes for sittings ; 
they are too careful of the wood aqd 
(juality. (J. Francis -BrpwRt) 



(2) The box may be a plain, nicely- 
finished one, 14J in. by 6 J in. by 3 J in., 
with the top, bottom, and sides rab- 
beted, so that each part receives sup- 
port for its entire length, making the 
box, as a whole, very strong and rigid. 
This is a capital form of box, and it is 
only to be regretted tliat such a one is 
not in the market at a reasonable price 
for general use. 

(3) I send thousands of eggs to 
London with a strip of corrugated paper 
about 2 in. wide wrapped round each 
egg (corrugations inwards, of course), 
and a layer of hay top and bottom and 
between each layer of eggs, in wicker 
baskets (circular by preference). There 
is scarcely ever a single egg broken, 
and it is the simplest, safest, and most 
rapid packing of the many modes I 
have tried and seen. The wrappers are 
retained in place simply by juxtapo- 
sition ; eggs large ends downwards. 
The paper is that commonly used for 
wrapping medicine bottles for post. 
(Francis Bacon.) 

(4) The eggs may be packed in a 
rectangular hamper, 15 in. by 7 in. by 
5 in., each egg wrapped first in fiue 
shavings and then in a piece of coarse 
paper wrapping, which is foKled on the 
breadth, and not the lengthways, of tlie 
eggs. The bottom and sides of the 
hamper are lined with fine wood- 
sliavings, and the eggs placed end to 
end in a double row on the packing, 
with another layer of the shavings on 
the top of all. The eggs cannot come 
to any harm; but the cost of the 
hamper plus the cost of the postage 
puts this form of package out of the 
question for moderately cheap eggs sent 
by post. The postage alone would be 
7id,y and this with 6d. for the hamper 
is a large slice out of 35. 6d, or 55. 

(5) My new-laid eggs sent to London 
are packed in clean, soft straw in boxes 
9 in. deep, four layers to the box ; the 
boxes contain 300, 400, and 500 each 
(120 to the 100) ; as much straw should 
be placed on the top of the box as will 
make the lid quite tight when tied 
down ; this prevents the contents from 
woving in transit. The breska^o iu 
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this way does not exceed 1 per cent. 
K«w-laid eggs sent to the south coast 
towns are packed in Tully*s patent 
boxes, cardboard dirisions, thidc felt 
between. I never have a complaint of 
breakage in these boxes. Pheasants', 
turkeys', goose, and fancy fowls' eggs, 
are always packed in baskets, each egg 
wrapped in soft hay separately. These 
are sent to nearly all parts of the 
United Kingdom, France, Italy, and 
Belgium, and I never hear of an egg 
being broken. Sawdust, brnn, &c., are 
very unsafe packing, as the contents 
move about, besides excluding all air, 
which, when packed in boxes, is very 
injurious to eggs intended for incuba- 
tion. I always send eggs for hatching 
by rail, as if there is any breakage pos- 
sible, the Parcel Post will do it. (6. 
Russell.) 

(6) The box may be of the ordinary 
12-division type, but a layer of corru- 
gated paper is placed top and bottom, 
and a small roll of the same material in 
each division to hold and protect the 

.eggs. The principle appears to be right 
and very simple. 

(7) My experience is that those eggs 
travel best that are first wrapped in 
paper, then packed tightly in sawdust, 
in divided wooden boxes. 

Oat-chatif and bran I dislike ; hay is 
good, but I think quite unnecessary. 
In large towns all these have to be pur- 
chased, whereas sawdust, as a rule, 
costs nothing, and is, in my opinion, 
better than anything else into the 
bargain. I generally place a few half- 
sheets of newspaper on the top of the 
sawdust to prevent any working out 
during the journey. The lids of the 
boxes should of course never be nailed 
down ; they should be either screwed 
or tied securely with strong string. 

There is generally a slight difficulty 
in unpacking the eggs, as the sawdust, 
when fine and well pressed, sets firmly 
round each egg. This is overcome by 
putting a thick layer of sawdust on a 
table, then turning the box upside 
down, sliding the lid off, and drawing 
out the divisions, and with them the 
eggs en masse. 



Suggested precautions : — 

(a) Always rest eggs 24 hours after 
a journey. 

(6) Alwmyi print or write legibly 
'* £gg8 for Sitting " on each box. 

(c) Always make a string or wire 
handle to each box. 

(d) Never nail an egg-box. (R. de 
Courcy Peele.) 

(8) At all times I have used (in pre- 
ference to hay or any other packing 
material) flax dust, which is more 
elastic than anything else I can obtain, 
at the 8<ime time being wonderfully 
light- weighing. This dust may be 
bought in quantity where the flax 
(Dew Ripe) is grown ; but I believe it 
is chiefly confined to the south-west 
counties of England. 

(9) The box is a light wooden one, 
divided into 12 compartments for eggs. 
The partitions come full out to the 
sides of the box, giving great strength. 
The eggs are very tightly packed in 
hay in each division, with a layer of 
hay top and bottom, and on the top of 
that a layer of chaff. So protected 
with an elastic cushion like hay, it 
must be exceedingly rare for an egg to 
be broken. 

(10) I invariably use soft bands ot 
hay, and pack in ordinary wood boxes 
— which I can procure at grocers' or 
"sweet** shops for Is. a dozen — of as 
little weight as possible. I add a thin 
pad of hay at top and bottom. 

(11) If people would pack their eggs 
as pheasant dealers do, there would be 
no talk of broken eggs or bad hatching 
by shaking. I send away a good many 
fancy ducks' eggs— eggs that are as 
fragile as thrushes* — ^yet I never hear 
of any being broken. Use light baskets, 
not boxes ; roll each egg in a hay-band, 
first wrapping it in plenty of paper; 
pack the eggs small end down, pressing 
them close together; line the basket 
with hay, also place hay at the bottom ; 
press hay well in between eggs, a 2 in. 
layer of it on top of them, then next lot 
of eggs — if necessary — and so on to the 
top; place several folds of paper be- 
ween the hay and lid, taking care if 
the lid is arched to fill the arch with 
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hay ; label the basket '* Eggs for Sit- 
ting/' and send by rail. Hy baskets 
are always returned by parcel post, at 
a cost of 3d. (A. Bayldon.) 

(12) A very good type of box for 
sending eggs by post or rail is made of 
stout brown cardboard, strengthened 
with linen at the corners and at the 
joining of the top and bottom with the 
sides, and the inside is fitted with 
tubular receptacles or pockets for the 
eggs, made of thinner cardboard. The 
box is light, and yet strong, the ar- 
rangement of the pockets or divisions 
giving additional resisting power to 
pressure. The pockets or diTisioos 
come right up to the top, thus giving 
perfect support to the bottom and lid, 
whilst their tubular form gives con- 
siderable lateral strength. The only 
objection to these neat and handy boxes 
is their price — 65, per doz., which is 
too much for boxes used for cheap sit- 
tings. 

(13) My best results invariably have 
been from eggs packed in 12-division 
boxes; and I find hay better than 
either bran or cork, and the firmer 
packed the better. Both bran and cork 
are liable to pack tighter with the 
journey, leaving the eggs loose and 
shaky ; or if there are any crevices, 
part escapes, which makes it worse. I 
fear eggs are sometimes sent out stale, 
and the germ weak in other cases, but 
am convinced that if well and, above all 
things, firmly packed, from vigorous 
parents, and untampered with, a jour- 
ney of a few hundred miles, and even 
toseing on the sea, will affect them but 
little. (A. Allison.) 

(14) The true secret of safety lies 
more in the packer than in the mode of 
packing or transmission. Packing is an 
art in itself, and does not necessarily 
accompany successful poultry-breeding. 
]f anyone notices the apparently hasty 
and careless way in which a professional 
hand works, and tests the result against 
the ordinary amateur's, whose parcel 
arrives with its contents smashed to 
atom3, though enrolled Jike a mummy 
with layer after layer, it will be ap- 
parent that packing, like many other 



things, is a knack which comes more 
easily to some than others. A light, 
but firm touch, which seems to be 
rough, but in reality is merely the 
application of pressure in the right 
place, is chiefly what is wanted, and is 
better than all the patent boxes in the 
world. One more trivial detail is im- 
portant: A piece of strong string, to 
serve as a handle, often saves the box 
from being dropped or banged down. 
For large quantities, such as 42 doz., 
doubtless patent boxes are invaluable. 
(T. J.) 

(15) I have tried all plans — packing 
in bran, in sawdust, in oat-chaff, in 
moss, and many other things ; but for 
the last 16 years I have discarded every 
plan as being unsafe except the one I 
now describe. Each egg is carefully 
wrapped in newspaper, and thi$n in soft 
hay, such as old hay-bands or hay too 
soft for horses. They are then packed 
in the basket described below, and each 
egg is again packed well in with hay, 
the basket previously being lined at the 
bottom with the same material. After 
all the eggs are securely packed, the 
basket is filled with hay, and the cover 
wired or tied down. 

The baskets I use are such as have 
been employed for conveying fruit to 
market, and I purchase them at about 
4^. per dozen, including lids. These 
baskets vary in size from one capable of 
holding one sitting of eggs to one fully 
able to contain four sittings, and i 
procure them in great quantities at a 
time, about 400 or so. The railway 
carriage is of course an extra item in 
cost of baskets, but this does not exceed 
in a quantity more than about a farthing 
per basket. 

The reason I prefer baskets to boxes 
is because, owing to the elasticity of the 
former, if thrown down there is no 
violent concussion, as would occur if the 
latter were used, and they do not split 
if subjected to undue. violence. I have 
sent eggs all over the continent of 
Europe, to Italy, Russia, Spain, &c., 
where the chance of a box arriving 
safely would be very small .indeed, and 
I venture to say that I do not hear of 
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twenty broken or twenty cracked eggs 
in a whole season; and I may state that 
ill many seasons I send out over 400 
baskets of eggs thus packed, sometimes 
with one sitting only, sometimes with 
mixed sittings of many varieties. I 
have frequently sent large numbers of 
eggs to the United States of America, 
even to San Francisco, and they have 
all arrived safely, and this I venture to 
say could not possibly have happened if 
any other plan at present known of 
packing eggs had been adopted. 

I always send eggs by rail where 
practicable, for this reason only — that 
size of package in journey by rail is not 
of such importance as size of package if 
sent by Parcel Post : consequently, by 
rail more packing can be used than if 
sent by Parcel Post. 

I usually prefer fastening the lids 
down with cop{>er wire in lieu of string, 
as giving greater security, and being 
less liable to be tampered with by dis- 
honest people. 

As a last remark, I think it would 
not here be out of place to mention that 
whenever a sitting of eggs is procured, 
no matter from whom, and no matter 
how packed, or how short the journey 
has been, the eggs should be unpacked 
carefully and laid on bran or some soft 
substance, on their sides, for at least 
24 hours before being put under a hen 
or into an incubator. This is necessary 
to enable the contents of the egg to 
perfectly recover ailer the amount of 
oscillation they have experienced from 
their journey.. Where this plan is not 
adopted, I venture to say it has a great 
deal to do with the non-success of the 
hatching process. (£. Snell.) 

(16) I use partitioned boxes, made to 
hold 1 doz. and 2 doz., and larger for 
ducks' eggs than for fowls' eggs. They 
are strong, light, and inexpensive, with 
** Eggs " printed in large letters on the 
cover, costing about l}cf. each (by the 
gross) for the 1 doz. size. For packing 
1 use either wheat - chaff from the 
threshing-machine, oat-straw cut into 
short chaff, or cork-dust that the foreign 
grapes are packed in, which I get by 
asking for of my grocer. I take two or 



three handfuls^of either, and throw in 
the bottom of the box, each compart- 
ment being about one-third full, then 
put in the eggs large end down, throw 
some more chaff over the eggs, and 
press tight down in the corners of each 
compartment with the points of the 
fingers, then fill the box a little above 
the level with chaff, so that the cover 
will press tight on the chaff and keep 
the eggs from shifting or shaking. 
Fasten on the cover with tAvo flat, 
broad-headed tacks } in. long, one at 
each end, make a hole with a small 
brad-awl, and press in the tack (do not 
use a hanmier), then tie the box round 
with a strong piece of string, to which 
the label is attached. 

(17) I use a hamper of conical shape, 
such as is used in the trade for packing 
butter, 11 in. deep, and 12 in. diameter 
at the top. At the bottom of the 
basket is nearly 3 in. of hay, and on 
this is placed the first layer of 11 eggs, 
each wrapped in soft hay ; on the top 
of these is another good layer of hay, 
and then on the top of this 16 eggs ; 
then another layer of 16 eggs, and then 
more hay to fill up to the lid. There 
is, of course, a protecting lining of hay 
to the sides of the basket. The eggs 
are all very tightly and very neatly 
packed. 

(18) Tully's box is very strongly 
made with { in. wood, iron hinges,handle, 
and clasp for padlock (often a very desi- 
rable precaution); the bottom has a 
felt lining, on which stand the divisions, 
made of stout millboard, and on the 
top of these is another piece of felt 
to protect the eggs from the lid. The 
arrangement of the divisions is good. 
It will be best understood by Fig. 
262, the thick outer lines of which 
represent the sides of the box, and the 
thin ones the millboard. It will be 
seen that none of the sides of the com- 
partments is formed of the sides of the 
box, and that the eggs are therefore 
not only protected from concussion, but 
from being crushed by any " give " in 
the sides, which latter, however, would 
not occur in a so stoutly-made box. 
The principle is a good one, and might 
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he adopted with advantage in boxes of 
& slighter make. 
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£ggbox. 

(19) Each egg is first wrapped in a 
piece of vegetable parchment (same as 
used by grocers for butter), and then 
some soft meadow-hay is put round, 
making it about the size of an orange. 
They are then placed in a box (made to 
the size required — from 1 dozen to 6 
dozen) side by side, with soft hay at the 
bottom, and then a thin layer at the 
top. This plan is by far the best. 

The box is then tied as an ordinary 
parcel with two strings across the ends, 
and then the string is brought over the 
top of the box and twisted round and 
round until a handle is formed for the 
porters to carry them with ; this pre- 
vents their being thrown about, and is 
an excellent idea. I always send by 
rail, and not by Parcel Post. Last year 
I sent away over 6000 eggs, and gave 
perfect satisfaction, or I should have 
had to replace them. Some went to 
Italy, Scotland, Ireland, and other 
places. 

The vegetable parchment can be ob- 
tained for about 2d. per lb., suitable for 
this purpose. (H. Warren.) 

(20) Freeth and Pocock's boxes are 
simple, and the eggs are as safe from iu- 
jury inside as it is possible for them to be. 
Not even the roughness and carelessness 
in handling of the Parcel Post people 
could succeed in breaking an egg in one 
of these boxes — and that is saying just 
as much as it is possible to say. 

For sending either very valuable 
eggs, or eggs a very long distance, 



nothing could well be better than these 
boxes, but their high price (Is. 4cf. each) 
puts them out of the question fbr 
general use for such eggs as are sold at 
3-55. a sitting. 

The boxes are strongly and neatly 
made of wood, with wire-hinged lid ; 
the inside is lined with felt made into 
pockets, into which the eggs are put ; 
and there is a false cover lined with 
felt, which is placed on the top, and 
then when the lid is shut down all is 
secure. 

(21) Edey's boxes are very similar to 
other 12-coropartment boxes, except that 
they are intended to be used in con- 
junction with corrugated paper, a piece 
of which is placed top and bottom, 
between the partitions and the bottom 
and top, and small slips rolled cylin- 
drically and placed in the compartments 
to hold the eggs. The packing is sim- 
plicity itself, and ought to afford ample 
protection to the eggs. The price of 
the boxes, properly fitted, is 45. per 
doz., or 405. per gross. In future the 
boxes should be made rather larger, as at 
present the compartments, when fitted 
with the corrugated paper, will not 
fairly take large-sized eggs. 

(2*2) Brown's baskets for the trans- 
mission <>£ eggs for incubation are cir- 
cular in shape, with an inside diameter 
of 12 in. at the top and 8} in. at the 
bottom, and are similar to those ordi- 
narily used for packing small fruit for 
the market. They are strong, elastic, 
and serviceable, but more adapted for 
eggs sent by rail than by Parcel Post. 
The price is 45. per dozen. 

PeRCOLATIOK. (iv. 19&-209.) 

Fig. 263 shows an arrangement sug' 
gested by Ungerer for the process of re- 
]>ercolatien. A number of percolators 
a b are placed on a suitable stand, one 
above the other, so that the tube of one 
percolator passes through a cork fitted 
into the mouth of the one below : 6 to 
12 of these vessels may be used one 
above the other. The stand consists of 
a board with pairs of projecting pegs 
placed at such distances that there 14. 
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room for the cylinders between them. 
Boards having a horseshoe-shaped piece 
cut out on one tide are placed on these 
{>eg8y and serve to support the cylinders 
in their places. The menstruum is 
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allowed to run into tlie top cylinder, 
either freely or (in order to increase 
the pressure) through a long tube 
attached to the top. The liquid per- 
meates the substance in the cylinder 
and runs through into the cylinder 
below, >and so on to the bottom, where 
it is drawn off as the strongest possible 
tincture. By adjusting the lowest 
stop-cock the speed of flow can be pro* 
perly regulated. The number of vessels 
and the speed of percolating should be 
so regulated that the tincture begins to 
flow from the lowest cylinder jast when 
the contents of the top one haVe been 
thoroughly exhausted. As soon as the 
top cy Under is exhausted it is removed, 
the whole column of vessels is raised up 
a stage, and a newly-filled vessel is 
added at the bottom. In tliis way the 
process becomes continuous, and a con- 



centrated extract can be made, except, 
of course, towards the end of the opera- 
tion. 

PrESEBYIKG. (ii. 443-468.) 

Books. — In certain parts of China, 
the British Consul at Swatow observes, 
books are extremely liable to be attacked 
by insects. They first destroy the glue 
used in the backs of books, and gradu- 
ally perforate the whole volume. Cock- 
roaches, too, entirely disfigure the covers 
by eating away patches of the glazing. 

The remedy for both these nuisances 
is easy. The late Dr. Hance, who had 
a large library, used the following re- 
cipe :— 

Corrosive sublimate .. 5 dr. 

Creosote 60 drops. 

Rectified spirit .. .. 2 lb. 

This mixture, a violent poison, he 
applied with a brush in the joint of the 
book at every 6 or 7 pages, and, as a 
preventive of the ravages of cockroaches, 
he varnished the cover of the book with 
a thin clear spirit-varnish. In binding 
books, it would be only necessary to add 
a small quantity of the above mixture 
to the glue used, and to give a coating 
of spirit-varnish to the cover, to secure 
complete protection from the attacks of 
insects of all kinds. 

Distilled Water.— In the first 
place, contrary to the general opinion, 
coiidensed steam does not always furnish 
pure distilled water. The drip from 
the cylinders of steam engines is never 
fit for use, not being half so good as 
ordinary rainwater. In preparing dis-r 
tilled water, the directions generally 
given to reject the portion that first 
comes over should never be omitted. 

The best water from which to pre- 
pare the distilled article is, in my 
opinion, good clear well water. Rain- 
water is generally well loaded with 
organic matter, and holds generous 
quantities of ammonia in solution. 
Ammonia, of course, distils over, and 
this impurity the Pharmacopceia does 
not permit. Prof. Lloyd once said that' 
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in order to prepare an acceptal)1e article 
of distilled water from the city at Cin- 
cinnati, it was necessary to distil 3 to 4 
times from an ordinary apparatus ; but 
that now, by carrying a standpipe to 
the third storey of his factory, the pro- 
duct obtained was good. 

The following procedure in distilling 
and storing will never fail to give 
satisfaction. Say the still is of 5 gal. 
capacity, not more than 4 should ^ver 
be distilled therein : take then 4J gal. 
of good clear well water ; boil violently 
in a bright tin vessel for 10 minutes — 
this drives off almost the last trace of 
ammonia ; then introduce into the per- 
fectly clean still ; start . the process ; 
reject the first j gal., and save the 
succeeding 2} gal. 

This is to be stored as follows: 
Prepare an empty carboy by boring 
with a rat-tail file a hole in the 
solder : through this hole introduce a 
glass siphon, made air-tight at the 
point of contact with the carboy by 
slipping over the siphon tube a piece of 
rubber tubing, and on the longer arm 
of the siphon place another piece of 
rubber tubing about 4 in. long, pro- 
vided with a pinchcock. Into the 
mouth of the carboy fit a perforated 
cork, holding a glass tube filled with 
cotton; this is to be inserted as a 
stopper, the tube filled with cotton 
acting as a vent. All the air entering 
the carboy will be drawn through the 
cotton, thus being filtered perfectly 
free from motes. It is these motes, 
or dust particles, among which the 
seeds of the confervas exist that cause 
the ropiness which is to be avoided. 

The distilled water in dropping from 
the mouth of the condenser into the 
receiver, as a rule, becomes contamin- 
ated with air motes, and unless these 
be removed before the water is finally 
deposited in the carboy, confervoid 
growths will appear. 

To accomplish this, the distilled 
water must be brought to a boil in a 
bright tin vessel, the warm carboy 
thoroughly rinsed with it, and when, at 
last, the container is full, insert' the 
perforated stopper carrying the tube 



filled with cotton ; start the siphon, and 
now, if the stopper is not removed, the 
entire contents may be used, as required, 
and not a single fleck will form 
thereii^. (J. N. Hurty.) 

Food — BoracicAcUias a Preservative. 
— Boracic acid only acts when present in 
large quantity. It prevents the growth 
and multiplication of germs, but does 
not kill them even in a 1 per cent, 
solution. Experimeflts with milk gave 
very unsatisfactory results, as an 
addition of 4 per cent, boracic acid only 
preserved the milk for 4 days. Horse- 
flesh may be preserved for 6 weeks by 
the use of 3 per cent, of the acid. 
Boracic acid is supposed to be harmless, 
but recent investigators prove it to be 
dangerous, as it strongly acts upon the 
mucous membrane of the large intes- 
tine. A dose of 4 grm. killed a large 
rabbit ; 2 grm. made a dog very sick. 
The acid is much used in Sweden for 
preserving fish and milk, but cases of 
poisoning have already occurred in that 
country. Long continued use of the 
acid is not favourable to good health, 
and at all events its addition to milk 
should be prohibited. (Emmerich.) 

" Adulferation " with Boracic Acid.-^ 
The increasing use of boracic acid, as 
well as of other so-called antiseptic 
agents for the preservation of articles 
of food, is a matter which demands 
immediate and most serious attention. 
Boracic acid is generally added to milk 
and cream in the form of certain 
proprietary articles, which are sold to 
the trade under different fancy names. 
Some of the more commonly used 
preparations, which consist'of a mixture 
of boric acid (partly anhydrous and 
partly hydrated) with borate of soda, 
are added (in solution) in the propor- 
tion of at least 7 gr. of the solid sub- 
stance to 1 pint of milk. In cream, it 
is generally added in at least double 
this quantity per pint. Inasnvuch as 
both the farmer in the country and the 
dairyman in the town are likely to use 
these preparations, these amounts may 
be largely increased. The amounts 
mentioned are also very likely to be 
exceeded through the carelessness or 
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Ignorance of those making use of such 
substances for preserving purposes. 

But scanty information is to be 
obtained as to the action of boracic acid 
and borates on the human subject. 
These substances do not appear to have 
been much used as internal remedies, 
and, accordingly, but little informa- 
tion as to their action is to be found in 
Xie text-books. One authority states 
fiat borax acts as a mild alkali on the 
ilimentary canal; tending to render 
the fluids alkaline, and to cause diu- 
resis ; that it checks fermentation dae 
to organisms, and is used as a diuretic 
and antacid. Another eminent autho- 
rity who was consulted in connection 
with the report previously alluded to 
refers to the tendency of these sub- 
stances to set up diarrhoea, a disease 
very prevalent in hot weather, when 
the preservatives are most used to 
prevent the change which milk and 
cream are apt to undergo rapidly at a 
high atmospheric temperature. The 
medicinal dose of the acid as laid down 
in the British Pharmacopoeia for ' an 
adult ranges from 5 to 30 gr., and, on 
the authority of Dr. Dudfield, and of 
others, it may be computed that -^ of 
the quantity, say a maximum of 2} gr. 
would be a suitable dose for a child 
under one year. It is quite possible 
that a strong, healthy infant, taking 1 
qt. of milk daily might absorb as much 
as 20-25 gr. in that time, having 
regard to the likelihood of the minimum 
amounts mentioned being exceeded. 

The experiments of Dr. J. FSrster go 
to show that the addition of boracic 
acid to articles of food in far smaller 
proportions than is customary is inju- 
rious to health. This author considers 
that *' even small doses of it are 
injurious to the digestive organs." 
The injurious action, he says, depends 
on the circumstance that the drug acts 
so as to material ly increase the propor- 
tion of solid natters and nitrogen in 
the faeces separated. Its action op the 
intestinal discharge is well marked, 
even by the exhibition of as little as 
4 gr. per diem, and is stated to be in 
direct relation to the quantity taken, 



and to be maintained for some time 
after the doses of the drug have ceased. 
The action described is perceptible, not 
onlv with vegetable or animal foods, 
which contain a large proportion ot 
indigestible ingredients, but also when 
highly-digestible foods, such as milk 
and eggs, are taken. Food to which the 
acid has been added tends to cause an 
increase in the secretion of gall during 
assimilation. One of its most important 
actions, however, according to this 
author, is the increase which it causes 
in the discharge of albuminous sub- 
stances from the intestinal canal. 

£. Hotter has recently published a 
series of experiments on the action of 
boron compounds on plants. The ab* 
sorption of such compounds was found 
by him to destroy the chlorophyll, and 
hence to arrest the processes of assimi- 
lation. The roots are affected, and soor 
die. Free boric acid was found to be 
more prejudicial than the alkali salts. 

Apart from the experiments referred 
to, it is sufficiently plain that an '* anti- 
septic ** substance of any kind, if intro- 
duced into food must, by its very nature, 
be injurious to the health of the con- 
sumer. It is evident that the introduc- 
tion of antiseptics of any kind into the 
alimentary canal ,must upset the con- 
ditions necessary to health. The danger 
is the greater because it is insidious, 
and because the effects produced are not 
violent or sudden, but such as will 
create disturbances and ultimately 
serious injury, which are likely to bo 
ascribed to anything but the real cause. 
The question of quantity does not bear 
upon the matter in any way. It has, or 
should have, no bearing legally. Any 
quantity that is sufficient to produce 
the <' antiseptic " effect in the food 
itself, must be regarded as injurious, 
even if the undoubtedly harmful action 
of continued small doses of a '* preser- 
vative " substance be left out of con- 
sideration. It must be remembered 
that boracic acid preservatives are 
very extensively used. In butter, milk, 
cream, fish, meat, and in preserved 
foods and proprietary preparations of 
various kinds, boracic acid is to b^ 
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constantly found. h have recently 
found it to be present in large amounts 
in meat " extracts " and " fluids " 
intended especially for the use of 
invalids and children, and which, I 
regret to say, are belauded in inflated 
language by members of the medical 
profession, who, had they known of the 
])resence of boracic acid, would surely 
have condemned them. The unarowed 
presence of boracic acid in such prepa- 
rations, or in the milk and cream so 
largely used by invalids and children, 
might, and, in most cases, probably 
would, seriously disturb a physician's 
course of treatment. 

Attempts have been made to conflne 
the issue by asserting that it is as per- 
missible to add boracic acid to a food 
as it is to add salt in certain instances 
(as in the case cf salt meat). This 
contention is at once disposed of by 
pointing out the physiological fact that 
salt is a food, and that boracic acid is 
not. Again, boracic acid and com- 
pounds of it are not natural constituents 
of milk or of any food. They are not 
themselves " foods," but " drugs." 

Proceedings could be taken against 
the vendors of milk containing boracic 
acid compounds under the 3rd Section 
of the Sale of Food and Drugs Act, 
which prohibits, with certain unfor- 
tunate resorvation-s the ** mixing, 
colouring, staming, or powdering" of 
any article of food with any ingredient 
or material so as to render the ai*ticle 
injurious to health. It is a matter of 
great difficulty, however, to prove 
" injury to health ** to the satisfaction 
of an ordinary court. It is almost 
necessary in all such cases to be able to 
produce stme poor creature who has 
been almost ^* done to death ** by that 
which is complained of. Under this 
section also it is practically a necessity 
to state the percentage of the injurious 
substance, to afford, of course, a useful 
bone of contention for members of the 
legal profession, and not to obstruct in 
any way the wide loop-hole for the 
escape of offenders, duly left by the 
legislature, in this section. I contend 
that it is unnecessary to state percentage 
5 



in a matter of this kind, llie 6th 
Section of the Act makes it an offence to 
sell to the prejudice of the purchaser 
any article of food which is not of the 
''■* nature, substance and quality " of the 
article demanded by the purchaser, dnd 
provides that no oflence is committed 
under this section if ^^any matter or 
ingredient not injurious to health has 
been added, because such addition is 
required for the reduction or prepara- 
tion of the food as **an article of com- 
merce," or ** in a state fit for carriage 
or consumption," and ''not to conceal 
the inferior quality thereof." The 2nd 
Section of the Amendment Act of 1879 
provides that it is no defence to prove 
that the " article of food in question, 
though defective in 'nature,' or in 
'substance,' or in 'quality,' was not 
defective ' in all three respects.' " That 
is, proceedings would be justified by a 
defect in any one respect. 

There appears, however, to be an 
impression abroad that there is no 
offence under the 6th section unless 
the adulterant forms a "substantial 
portion " — that is, presumably, more 
than a fractional part of the article as 
sold to the purchaser. Tailing the 
case of milk, H ought hardly to be 
necessary to point out : (1) That milk 
containing boracic acid compounds is 
not of the nature, substance and 
quality of mi/k; (2) That even if 
defect in nature and substance is only 
constituted by the presence of an adul- 
terant in what is popularly called " a 
substantial amount " (that is, forming 
a large integral portion of the article), 
defect in quality is at once establitihed 
by the presence of boracic acid in milk, 
and that such defect is independent of 
the question of quantity ; further, (3) 
the admixture of boracic acid compounds 
with milk is not required for preserving 
it in course of transit from producer to 
consumer. • Ref^'igeration, which adds 
nothing to the miilk, h the recognised 
and legitimate method, if such preser- 
vation for transit be deemed necessary ; 
and (4) the addition of the preservatives 
does serve the purpose of concealing 
the inferior quality of the milk, as it 
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allowf ftale milk to be snpplied as fresh, 
and as it is far more easy and less 
expensire than the better method of 
refrigeration. 

I therefore hold that rendors of foods 
containing boracic acid compounds 
commit offences under the 3rd and the 
6th Sections of the Act of 1875, and the 
2nd Section of the Amended Act of 
1879. Whether offences under the Act, 
howerer, are committed or not, I do not 
tee how it is possible to arrive at any 
other conclusion but that the use of 
these preserratives is a serious form of 
adulteration. In my view, the absolute 
prohibition of their use is the only safe 
and proper course to take ; although if 
it be desired to throw a sop to that 
largre class of persons who are always 
morbidly anxious to follow middle 
courses, it may be admitted that the 
compulsory labelling of such ** pre- 
served *' articles with the name of the 
substance or substances used, would be 
productive of great and immediate 
benefit. It is remarkable that those 
who defend the use of '* preservatives," 
and assert them all to be *' harmless," 
in any amount, should take such pains 
to conceal the fact that they have been 
used. In regard to several proprietary 
articles I have examined ; I have had 
before me, apparently, the full details of 
the manufsicture, given with the most 
child-like candour ; everything, except 
the admixture of boracic acid, which 
was found in them all. In the case 
of certain ''preserved" creams, it is 
asserted on the labels that *' the cream 
being separated as soon as it is drawn 
from the cow, it will keep sweet 
longer." Comment upon this is need- 
less. 

Abroad, the use of " presei-vatives " 
is almost universally prohibited. If 
the legislature and if local authorities 
were in earnest about the suppression 
of adulteration, their use would be 
prohibited here. (E. £. Cassal, in 
Analyst) 

Use of Preservatives, — It is well 
known that in summer many milk 
dealers add some preparation of boric 
acid in order to retard coagulation of 



milk. Such preparations are, and have 
been, openly advertised in numerous 
forms, and have been recommended by 
scientific men. Less well known is the 
fact that boric acid and its soda salt is 
most frequently to be met with in 
butter, especially Normandy and Belgian 
butters. Norwegian and other foreign 
fish is cured with salt and boric acid ; 
meat is preserved with it, and it is eren 
found in preparations intended for inra- 
lids, such as in so-called sterilised pep- 
tones. 

In boer, especially foreign imported 
beer, in wines, preserved fruit, and, 
perhaps, in milk, salicylic acid or sali- 
cylate has been used for preservation, 
whilst sulphurous acid or bisulphite of 
lime is of common use by the brewed, 
the manufacturer of lime juice, and the 
butcher. And, lastly, it appears that 
benzoic acid or benzoates are gradually 
taking the place of salicylic acid. Other 
antiseptics have been from time to time 
proposed and used, such as fluosilicates, 
nitrates, &c. 

In reference to the quantity of boric 
acid which is necessary to produce any 
appreciable effect upon milk, I am not 
aware of any analytical results obtained 
by the analysis of actual trade samples. 
Mattern finds that 1 grm. boric acid per 
litre retards the coagulation of milk at 
15® C. for 24 — 36 hours; -5 grm. only 
21 hours, whilst at 35® G. *5 grm. is 
without effect, and 1 grm. retards the 
coagulation for 10 hours. In summer, 
therefore, when the addition of boric 
acid is practised, not much less than 1 
grm. per litre of milk would probably 
be employed. 

Of borated butters I have made nu- 
merous analyses, and give some of my 
results in percentages : — 

Boric acid -09 -11 -09 -14 -26 -41 
Borax -19 -16 -15 -23 -33 -55 

Both boric acid and borax being calcu- 
lated as crystallised. The preparation 
always employed in the case of butter, 
as far. as my experience goes, consists ot 
a mixture of boric acid or borax, in 
widely varying proportions, freed from 
a part of the water of crystallisation by 



PRESERVING. 



275 



h&ting. As typical the following ana- 
IjTsis maj find a place : — 

Water 36*8 

Borax (anhydrous) ... 24*0 
Boric acid (anhydrous) 39*2 

To preserve fresh fish about 2 grm. 
of boric acid are used to each kilo of 
fish. 

Salicylic acid has not, I believe, ever 
been largely used in this country ns a 
food preserver. It answers but very 
badly in the case of milk and butter, 
and its use is now chiefly confined to 
foreign fermented beverages. As to the 
quantity, 1 grm. per litre was frequently 
used when salicylic acid had reached its 
height of popularity. When in course 
of time the objections against its use 
were not only heard, but resulted in 
prohibitive legislation in many countries, 
5 grm. were declared to be sufficient by 
its advocates to keep 100 litres of 
Bavarian beer for home consumption, 
and 20 grm. for export. 

If we now enter into the question as 
to the physiological effect of the pre- 
servatives mentioned, we at once meet 
with the most diametrically expressed 
opinions. Whilst inventors introduce 
every antiseptic as absolutely harmless, 
and quote experiments by which it is 
shown that large and continued doses 
of antiseptic were administered without 
evil effects, other enquirers come to ab- 
solutely different conclusions. Litera- 
ture teems with arguments in favour of 
and against some of these substances, 
and it must be conceded that direct and 
palpably injurious effects on healthy 
individuals have not been traced to any 
of the antiseptics herein considered. 
But when so much is conceded, a wide 
field for discussion yet remains. 

On the one hand it must be recognised 
that to prevent waste of good human 
food by avoiding or retarding its de- 
composition is a meritorious achieve- 
ment, and one upon which the thought 
of the scientific man cannot be too much 
concentrated. Yet it must be allowed 
that the indiscriminate addition of 
chemical substances which exert a 
poisonous action on bacterial and other 



organisms cannot be safely left in the 
hands of more or less ignorant vendors 
of articles of food, even if no directly 
poisonous or injurious action can be 
traced upon a healthy adult by their 
use. It is evident that substances 
which interfere with the growth of 
fungoid organisms like bacteria or yeast 
cells, must have some action upon the 
complicated human animal ; and even if 
exuberant health and abundant gastric 
secretions may be capable many times 
to overwhelm the effect of the antiseptic, 
the effect itself must remain and detract 
from the efficiency of the human organ- 
ism. It is inconceivable that the proto- 
plasm of a bacteria be vitally affected 
by a substance which at the same time 
be utterly inert upon human protoplasm. 
The effect is evidently a question of 
quantity. The absolute quantity may 
not be sufficient to show itself palpably 
upon a body weighing, say, 1 J cwt., but 
it must be there all the same. 

The Comite Consultatif d'Hygifene 
Publique of France reports in reference 
to the use of benzoic acid in articles of 
food that all antiseptics are injurious to 
natural digestion, because the addition 
of antiseptics of any kind is irrational 
as far as assimilation is concerned, and 
may be injurious to the normal action 
of the organs of digestion. 

In times gone by, when the causes 
of the decomposition of food were not 
understood, the discovery of a preserva- 
tive was doubtless an achievement ; but 
now, when we not only know these 
causes, but can prevent decomposition 
indefinitely by exclusion of germs, or 
by cold, without the addition of any 
kind of foreign material, we surely 
should make an attempt to discriminate 
between processes of preservation. If 
preservation could not be effected with- 
out the addition of some foreign materia], 
the benefit to mankind of preventing 
good food substance from decomposition 
would doubtless be greater than the 
slight physiological evil effect of the 
antiseptic itself. But as preservation 
of any article of food is possible without 
addition of chemicals, it seems to me 
that the time hascome to protest against 
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the present practice of allowing the 
addition of any antiseptic which the 
dealer in food may choose to make. 

France was the first to raise objec- 
tions against the use of preservatives. 
Most of the beer consumed in France 
used to be imported from Germany. 
When it whS discovered that such beer 
almost invariably contained salicylic 
ncid, a vigorous agitation, in the interest 
of French home brewers, commenced. 
Finally, the Paris Court of Appeal de- 
cided that the addition of salicylic acid 
was to be considered an adulteration, 
and to the prejudice of the purchaser. 
The addition was declared to be not 
harmless, it having been shown that 
salicylated ales were a source of danger 
to the community, that salicylic acid was 
a drug, the use of which had to be 
ordered by a medical man, and could not 
be left with the trader. This judgment 
was based upon a Report of the Com- 
mission of the Academie de Medicine of 
Paris on the action of Salicylic Acid on 
Food. The Commission reported on 
numerous cases in which the preserva- 
tion of articles of food by salicylic acid 
has produced serious results, and is of 
opinion that it is proved that small but 
continued doses of salicylic acid or 
s ilicylates, may produce serious gastric 
disturbances, especially with old persons 
and such who suffer from affections of 
the liver or organs of digestion. For 
these reasons the aiiitiun of salicylic 
acid, or salts, should not be allowed to 
articles of food. 

What was originally probably a traJe 
protectionist movement soon became a 
general opinion. The indiscriminate use 
of antiseptics should not be. allowed, and 
one State after another passed laws for- 
bidding the addition of preservatives to 
food, in some cases antiseptics generally, 
in others specified substances only. 

Thus, by order of the Municipal 
Council of Buenos Ayres, the sale of 
beer containing salicylic acid was pro- 
hibited after March 31st, 1888. Other 
South American States followed. The 
town of Milan passed a similar law, re- 
ferring to the prohibition of salicylic 
acid in beer, wine, and other articles of 



food; whilst the police of Berlin pro- 
hibited the addition of any kind of pre- 
servative whatever to milk. 

In 1888 the Dutch Government 
caused an inquiry to be made into the 
use of salicylic acid in beer, and, as a 
result, all addition of salicylic acid to 
food was prohibited. The Italiai^ 
Ministry in 1887 declared the addition 
of all substances to wine, which were 
not naturally contained in wine, to be 
an adulteration; in 1888 the Spanish 
Government followed with an absolute 
prohibition of antiseptics in wine, and 
the Austrian with that of salicylic 
acid. 

In Germany a distinction is made 
between salicylic acid added during 
mashing, to check the growth of the 
acid-producing organisms, such an ad- 
dition at that stage of brewing being 
allowed, not any of the acid, or only 
traces of it, being said to remain in the 
beer, and between the subsequent ad- 
dition of salicylic acid to fully fermented 
beer, which is prohibited. 

When salicylic acid had thus been 
virtually suppressed, other antiseptics 
came into vogue. Thus, in France, the 
use of benzoates became frequent, partly 
on account of the greater power of these 
compounds, partly because they are 
more difficult to trace and detect than 
salicylic acid. In Germany, sulphites 
and borates were more largely employed, 
and numerous preparations containing 
these as active ingredients were thrown 
upon the public. Thus, according to 
Polenske, the following articles have 
been advertised in Germany :— 

Sozolith : containing 39*7 per cent 
sulphurous acid, as sodium salt. 

Australian Meat Preservative : con- 
sisting of sulphites. 

Berlinite: borax, with a little boric 
acid and nitrate of potash. 

Chinese Preservative powder: boric 
acid, with sodium chloride and sulphate. 

Brockmann's Salt : borax, boric acid, 
sodium chloride, and potassium nitrate. 

Australian Salt : borax. 

Barmenite : boric acid and salt. 

Magdeburg Preservative Salt ; borax, 
boric acid, and salt* 
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Heydrich's Salt: sodium chloride, 
potassium nitrate, and boric acid. 

Again, as in the case of salicylic acid 
in previous years, long discussions arose 
as to the physiological activity of these 
substances. Liebreich contended that 
boric acid was perfectly harmless, but 
others have been able to trace distinct 
physiological effects to its administra- 
tion; whilst, in 1889, the Society of 
Bavarian Analytical Chemists discussed 
the use of boric acid as an antiseptic, 
and came to the conclusion that it was 
objectionable from a sanitary point of 
view. 

In England we have done absolutely 
nothing. On the contrary, the use of 
antiseptics has been virtually sanctioned 
in brewing. The law 48 and 49 Vict., 
Cap. 51, declares that a brewer of beer 
shall not add any matter or thing 
thereto except finings, or other matter 
or thing sanctioned by the Commis- 
sioners of Inland Revenue. The use of 
antiseptics, notably bi-sulphite of lime, 
which is here chiefly used in beer, is 
therefore distinctly conditional upon 
the sanction of the Inland Revenue 
Commissioners ; and the sane would be 
the case in other articles of food, since 
the chemists of the Inland Revenue 
Commissioners are referees for cases 
under the Food and Drugs Act. The 
Sale of Food and Drugs Act, par 6, 
allows to be added to food any matter 
or ingredient not injurious to health, if 
the same is required for the production 
or preparation thereof as an article of 
commerce in a state fit for carriage or 
consumption. No one, surely, can con- 
tend that preservatives are necessary 
for the production or preparation of 
milk, butter, beer, wine, etc., in a. state 
fit for carriage or consumption, for the 
great majority of the samples analysed 
are free from antiseptics. Good milk, 
fresh butter, sound beer, can be made 
and sold without antiseptics. As a 
matter of fact, they have been so sold 
for centuries, until sham science came 
in and taught the dirty and the careless 
producer how to evade the natural 
punishment of dirt and mismanagement. 
Antiseptics are convenient to such pro- 



ducers, but they are not reqi^red. Hence 
we have no option but to consider them 
as adulterations. The practice is utterly 
unjustifiable, except from the point of 
view of a dealer, who wants to make 
an extra profit, who wants to palm off 
a stale or ill-prepared article upon the 
public. (0. Hehner, in Analyst) 

Fruit Candying. — Leghom oc- 
cupies the first place in Italy, and 
perhaps throughout the Mediterranean, 
for the preparation of candied citron and 
orange peel. Citron is brought for this 
purpose from Corsica, from Sicily, from 
Calabria, and other southern provinces 
of Italy, from Tunis and Tripoli, and 
even from Morocco ; while the oranges 
imported into Leghom, whether for 
consumption or for candying, are nearly 
all brought from the islands of Sicily, 
Sardinia, and Corsica. In all the 
countries contributing the raw fruit for 
this industry, it is treated in the same 
manner for the over sea passage. The 
fruit is simply halved and placed in 
hogsheads or large casks, filled with a 
fairly strong solution of brine, the fruit 
being halved merely to ensure thorough 
preservation of the rind by an equal 
saturation of the interior as well as the 
exterior surface. In these casks it ar- 
rives at the doors of the manufactory. 
The fiM process to which it is then 
subjected is the separation of the fruit 
from the rind. This is done by women, 
who, seated round a large vessel, take 
out the fruit, skilfully gouge out the 
inside with a few rapid motions of the 
forefinger and thumb, and, throwing 
this aside, place the rind unbroken in a 
vessel alongside them. The rind is next 
carried to large casks filled with fresh 
cold water, in which it is immersed for 
two or three days, to rid it of the salt it 
has absorbed. When taken out of these 
casks, the rinds are boiled, with the 
double object of making them tender 
and of completely driving out any trace 
of salt that may still be left in them. 
For this purpose they are boiled in a 
large copper cauldron, for one to two 
hours, according to the quality of the 
fruit and the number of days it has 
been immersed in brine. When remoyed 
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A'om this cauldron, the peel shoald be 
quite free from any flavour of salt, and 
at the same time be sufficiently soft to 
absorb the sugar readily from the syrup 
in which it is now ready to be immersed. 
The next process to which the rind is 
subjected is that of a slow absorption 
of sugar, and this occupies no less than 
eight days. The absorption of sugar by 
fresh fruit in order to be thorough must 
be slow, and not only slow but also 
gradual ; that is to say, the fruit should 
be at first treated with a weak solution 
of sugar, which may then be gradually 
strengthened, for the power of absorp- 
tion is one that grows by feeding. The 
fruit has now passed into the saturating 
room, where on every side are long rows 
of immense earthenware vessels, about 
4 ft. high and 2 ft. in extreme diameter, 
in outline roughly resembling the famed 
Etruscan jar, but with a girth altogether 
out of proportion to their height, and 
with very short necks, and large open 
mouths. All the vessels are filled to the 
brim with citron and orange peel, in 
every stage of absorption — that is to say, 
steeped in sugar syrup of about eight 
different degrees of strength. This pro- 
cess almost always occupies eight days, 
the syrup in each jar being changed 
every day, and with vessels of such 
great size and weight, holding at least 
J ton of fruit and syrup, it is clearly 
easier to deal with the syrup than with 
the fruit. To take the fruit out of one 
solution and to place it into the next 
stronger, and so on throughout the series, 
would be a very tedious process, and 
one, moreover, injurious to the fruit. 
In each of these jars, therefore, there is 
fixed a wooden well, into which a simple 
hand suction pump being introduced, 
the syrup is pumped from each jar daily 
into the adjoining one. A slight fer^r 
mentation next takes place in most of 
the jars, but this, so far from being 
harmful, is regarded as necessary, but 
is not allowed to go too far. There is 
yet another stage, and that, perhaps, is 
the most important, through which the 
peel has to pass before it can be pro- 
nounced sufficiently saturated with 
sugar* It is now boiled in a still 



stronger syrup, of a density of 40^ by 
the testing tube, and this is done in 
large copper vessels over a slow coke 
fire, care being taken to prevent the 
peel adhering to the side of the vessel, 
by gently stirring with a long paddle- 
Indle. This second boiling occupies 
about one hour. Taken off the fire, the 
vessels are carried to a large wooden 
trough, over which is a coarse open wire 
netting. The contents are poured over 
this, and the peel is distributed over the 
surface of the netting, so that the syrup 
— now thickened to the consistency of 
treacle — ^mav drain off the surface of the 
peel into the trough below. The peel 
has now taken up as much sugar as is 
necessary. Next comes the final process, 
the true candying, or covering the sur- 
face of the peel with the layer of sugar 
crystals, which is seen on all candied 
fruits. To effect this a quantity of 
crystallised sugar — at Leghorn the same 
quality of sugar is used as is employed 
in the preparation of the syrup — ^is dis* 
solved in a little water, and in this the 
now dried peel, taken off the wire net* 
ting, is immersed. The same copper 
vessels are used, and the mixture is 
again boiled over a slow fire. A short 
boiling will suffice for this last process, 
for the little water will quickly be 
driven off, and the sugar upon cooling 
will form its natural crystals over the 
surface of the fruit. Poured off from 
these vessels, it is again dried upon the 
surface of the wire netting, as before 
described. The candying is now com- 
plete, and the candied peel is ready for 
the packing-room, to which it is carried 
in shallow baskets. In the packing 
room may be seen hundreds of boxes, 
of oval shape and of different sizes, for 
each country prefers its boxes to be of 
a particular weight. 

Plants. — 2>ri^ P2an<s. — Dried 
plants are apt to be destroyed by in- 
sects, and large collections would soon 
become the prey of the larvae of Anobiumy 
PtinuSf &c., were not the precaution 
taken to protect them against the at- 
tacks of these pests. 

Certain persons are content to keep 
their plants in tightly closed cases in 
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which they place phenie acid, 'camphor^ 
or oil of thyme. Othen, once or twice 
a year, place their packages of plants 
in a box especially constructed for the 
purpose, and therein impregnate them 
with the vapor of sulphidfe of carbon. 
How dangerous it is to handle this 
substance is well known, and it should 
be used with great caution. The sul- 
phide box should be lined with zinc, and 
should be closed hermetically by a well- 
adjusted cover, whose prominent flange 
enters a gutter, which may be filled 
with water, and which is affixed to the 
upper part of the box. After placing a 
vessel containing a certain quantity of 
sulphide of carbon at the bottom of the 
box, the packages are put in place, each 
being partially opened, so that the 
vapour disengaged may penetrate every- 
where. After the box is closed, it should 
remain so for several days, after which 
the cover is removed, and the packages 
are exposed to the air until the odour of 
the sulphide has entirely disappeared. 
There is a process of preservation which 
is more generally employed, and which 
consists in immersing the specimens in 
the following solution :~> 

75 per cent, alcohol ... 1 qt. 



Bichloride of mercury 



H oz. 



2|oz. 
lioz. 



This liquid is a very violent poison, 
so the use of it requires great precau- 
tion. The following formula is some- 
times preferred, because the sublimate 
preserves its properties more intact : — 

90 per cent, alcohol ... 1 qt. 

w ater ... ... .. 

Bichloride of mercury .. 

Muriate of ammonia . ; ^ oz. 

The bichloride is dissolved in the alco- 
hol, the muriate in the water, and the 
two solutions are mixed: 

The plants are immersed in the liquid 
as follows: A deep porcelain plate of 
rectangular form, and a little larger 
and wider than the herbarium paper, is 
filled with the solution and placed upon 
a table between a package of plants to 
be poisoned and a package of driers. 
Then the tickets are detached from the 
first specimen, so that they may not be 



ruined by a stay in the alcohol, and, as 
a greater precaution, in order to prevent 
any soiling contact, they are fixed with 
pins so that they project externally 
upon a wrapper. A good supply of 
wrappers should be within reach. This 
wrapper thus prepared is placed upon a 
drier, and then, with wooden or whale- 
bone nippers, a Fig. 264, the specimens 
are seized and immersed in the liquid. 
Nippers made of metal should never be 
used for this purpose. The form figured 
is the one adopted at the Museum of 
Natural History, and can be easily made 
by any one for himself. 

After the specimens have remained in 
the liquid for a short time, they are 
taken out with the nippers and allowed 
to drain; then they are placed in the 
cover, which is closed and covered with 
a drier. The same operation is per- 
formed on the rest of the specimens. 
As soon as a large enough package has 
been formed it is put in a well-aired 
place, so as to permit of the evaporation 
of the alcohol. At the end of 24 hours 
it is necessary to replace the damp driera 
by dry ones. A longer stay in them 
would blacken the specimens. 

It must not be thought that the speci- 
mens thus prepared are for ever proof 
against the attack of insects. The her- 
barium should be often inspected, and a 
few drops of preservative liquid be 
thrown upon such specimens as are 
beginning to be attacked. This opera- 
tion may be very easily performed with 
the bottle represented in b. This is 
closed with a rubber stopper, through 
which pass two glass tubes, one for the 
passage of the liquid and the other for 
the entrance of air. 

Certain families of plants are much 
more sought after than others by in- 
sects. As a general thing, fleshy plants 
and those that contain starch are the 
first ones eaten ; the grasses, ferns, and 
mosses, on the contrary, are very rarely 
attacked. After the plants have been 
poisoned, it only remains to arrange 
them in the herbarium. To this effect, 
they are fixed upon simple sheets of 
strong, sized paper, in such a way that 
they will ^hold well. Thus prepared 
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thcr «r* put In wrappcn. Th« „ 
iliiii«n*ioni of the monntiDe pspcT 
13x18 in. 



unincdwhenneceuliT'. Sevan! j] 
. iboald iie<r«r be fixed upon th« 

|ih«et. 
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For filing tli« apeciniens, asf ainnll 
itnjii of g;uninied paper arrnntied here 
nnd there In such t na; (i;, Fig. 265) 
■8 to hold all the porta, without, how- 
ever, concealing them. Instead of atraps 
tome periQQs use pirn, but the use of 
these ia more difRcult, asd the; have 
the dranhack of breaking the delicate 
parts of pLiDta by their contact. The 
fpecimeni muat not be glned to the 
paper, bat ahould be detacnable at will, 
ao that they can .be thoroughly ei- 



Ijirge apecimen?, Ilie licheni, nith 
their support, and cerbiiii fungi can be 
lixed only upon very strong paper or 
even upon cardboard, and it i« aome- 
limea iuditpensable to sew them on with 
cord. In ordei tn prevent them from 
injuring the neighbouTiDg plants in the 
package, good CDshions ol' aoll papvr 
thouU he interposed. In all caaes aufli' 
cient space should be reserved at the 
bottom of the sheet for the reception of 
the labels. To the left ia placed that of 
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the Colleclor orofthepenonfroni whom 
the specimen wu receired. This label 
ahoald alvafs be CBrefull; preserced, 
for it ia the one that mmt give muthorjty 
in the cue of denht. It should hear 
the number and the notea taken in the 






id whenever it ii deiired to 
■nalysii, it is better to nse 
them than to injure one'a collection. 
The aheets filled with ipecimeDS nre 
placed in wrappers, and it only remaina 
to claaaifj them by familiea and piit 




memDnndum hook, 
qneslion of eraicoiti*, thi 
collections of which aereral eiimple 
eiiat, the nnmben permit of easily 
finding the names of the plants when 
the latter are descril^ed and pnblished. 
To the right is placed a label by itself 
sulTiciently large to allow bibliogTsphic 

name. The floweri and fragtnenta that 
become detached daring the preparation 
nf the specimens must not be registered, 
hut should lie preserced in small enre- 



them in packages, which should be ar- 
ranged in tight esses in a dry place, anil 
where the temperature is as equable as 
possible. Care should betaken to allow, 
nothing to enter the room deroteJ to 
the cot lection that could attract insect!, 
and never to allow plants to enter it 
that have not first been poisoned. 
Several sheets on which are mounted 
sgieciei belonging to the same genus 
may be enctoaed in the same wrapper. 
To the upper risht hand comer of 
the wrapper should he glueJ a small, 
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coDipicBotis ticket bMrmg the aame of 
the speciest This renders researches 
mach easier. 

Conspicaons tickets are also used for 
the genera, bnt these are fixed upon 
simple sheets, so that they can be easily 
shifted. They must be very distinct 
from the preceding. They may, for 
example, be made longer, and of a dif- 
ferent colour. 'They are usually affixed 
to the middle of the sheet. The family 
ticket should be larger still, and also of 
another colour. It is fixed to the left 
of a simple sheet. 

The herbarium packages should not 
be too bulky. They are kept between 
cardboards, fastened together with 
straps. 

An excellent measure taken at the 
herbarium of the Paris Museum consists 
in placing the species, according to their 
country, in wrappers bearing labels of 
various colours, corresponding to the 
5 parts of the world. White indicates 
European species, yellow represents those 
of Asiatic origin, blue is for Africa, green 
for America, and red for Oceania. This 
arrangement permits of easily finding the 
species in which one is interested when 
he is making researches upon the flora of 
a region. Besides, it shows at a glance 
the geographical distribution of each 
species, genus, and family. 

Fruits, — A collection of fruits is the 
indispensable complement of the herba- 
rium. To render work easier it is as 
well to place it as near the latter as 
possible. 

After well washing the freshly- 
gathered fruits in oi*der to free them 
from foreign matter (care being taken 
during the operation not to rub them in 
such a way as to deprive them of certain 
important characters, such as colour, 
villosity, etc), they are put into jars 
containing alcohol and water. These 
fruits should carry a securely fastened 
parchment label, on which is written 
the number of the memorandum book. 
The lead pencil has the advantage over 
ink that the writing does not become 
elTaced in alcohol ; yet for greater safety, 
it is preferable' to form the numbers 
with a punch. A series of figures does 



noiooit Tery dMr, by reaaoa of tlie 
secnrity offered by the tickets tfast it 
permits of making. 

If a person is travelling, and wishet 
to ship the fruits, he will -merely have 
to close the jars tightly with good corks, 
covered with a thick layer of bottle 
wax. Sealing wax dissolves in alcohol, 
and it is therefore very important to 
have corks that adjust themselves per- 
fectly to the vessel if one wishes the 
corking not to be defective. The jars 
should be careful Iv packed to prevent 
breakage. They should be accompanied 
with a catalogue bearing notes from the 
memorandum book opposite the num- 
bers. 

When it is desired to arrange the 
fruits, it is often necessary to change 
the alcohol, which, in certain cases, 
rapidly darkens. The liquid should be 
changed several times, until it remains 
of sufficient limpiditv. 

A large number oc systems have been 
devised for closing the jars. A cork 
stopper, when of good quality, has the 
advantage of being easy to insert and 
extract, and that is to be taken into 
consideration if it is necessary to ex- 
amine the specimens often. At the 
museum are used jars with a lip, which 
are covered with glass discs, held by 
glaziers' putty. Afler the latter is dry, a 
piece of bladder is glued to the disc, and 
its edges are tied around the neck with 
a string. Fiujally, the whole is covered 
with thin tin foil. There is nothing 
further to do but to put a label on the 
jar bearing the name of the fruit, its 
origin, and the name of the collector. 
As the same number is carried by the 
specimen in the herbarium and the jar 
containing the fruit, it permits of easily 
bringing together these parts when it is 
desired to study them. 

Dry fruit<} are simply put into glazed 
boxes or into bags or jars. 

The classification of the collection of 
fruits should be done in the same order 
as that of the herbarium. 

Wood. — Specimens of woods should 
be kept in a separate room from that of 
the herbarium. They usually contain 
numerous insects' eggs, and, from time- 
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to time, they should be put into the 
sulphide of carbon box. They should, 
as far as possible, be of unifonn dimen- 
sions, and, in order that the structure 
of the wood hia^ be well seen, the same 
species shoutd bSe* represented by longi- 
tudinal and trAfis verse sections, e, /. 
Specimens of wood should be labelled 
and classified with the same care and in 
the same order as the other collections. 

Cktasification of Collections. — It is 
indispensable to classify collections and 
to catalogue them, so that the objects 
that they contain may be easily found, 
and one may know what he owns. The 
catalogue should be numbered, and the 
numbers placed upon the tickets of the 
genera and species to which they corre- 
spond. This considerably facilitates 
researches. In order to avoid beginning 
a new numbering every time that ad- 
ditions are made, it is necessary to take 
works for one's guide that, as far as 
possible, contain the total number of 
genera or species of the region that one 
has taken as a limit. {La Nature.) 

Wood. — ^An interesting account of a 
new process for preserving wood was 
lately given in a paper read before the 
Western Society of Engineers, Chicago. 
The method referred to is known as 
the zinc-creoeote process, dead oil and 
chloride of zinc being the active agents 
employed. It is specially suitable for 
railway sleepers, bridge timbers, and 
for situations where wood is exposed to 
any great degree of moisture. The 
timber is first of all steamed in a 
vacuum; the oil is then injected into 
the cylinder in which the wood is placed ; 
after which the chloride of zinc is 
applied by pressure. It is said that the 
oil penetrates the pores of the wood to a 
certain extent, and the chloride of zinc 
goes to those portions unreached by the 
oil. According to the writer of the 
paper, J. P. Card, the method will give 
the best results of any process for the 
money spent. 



GOBBOSION AND PbOTEOIION 

OF Metal Subfacbb. 

Some substances are applicable to the 
preservation of most metallic surfaces, 
and may therefore be mentioned before 
dealing with those which can be applied 
only with discrimination. Such may 
be said to consist chiefly of solid hydro* 
carbons in combination with ""liquid 
hydrocarbons, etheric or fatty oils. 
Amongst the solid hydrocarbons, pre* 
ferably india-rubber, paraffin, and ozo- 
kerit are used ; whilst among the liquid 
hydrocarbons and oils, rectified petro- 
leum, ligroine, and turpentine-oil are 
preferably applied for the manufacture 
of the above composition. A valuable 
combination is produced by melting 1 
part of paraffin under moderate heat 
(about 150^ F.) in a closed vessel, and 
by then adding and mixing 2-4 parts 
of rectified petroleum, ligroine, or tur- 
pentine-oil, with the melted paraffin. 
According to the greater or lesser quan- 
tity of liquid which is added, the con- 
sistency of the composition varies. It 
can be applied to the surface of the 
metals by means of a stiff brush. 

Copper. — The corrosion of copper 
by oxidation on exposure to the air takes 
place very slowly, the metal becoming 
soon coated with a skin of carbonate 
commonly called '* verdigris," though 
that name is correctly applied to a basic 
acetate of copper. This familiar film 
on the surface of exposed copper consti- 
tutes a protection against further oxi- 
dation. The action of salt water on 
copper which is also accessible to the 
air is rapid, but may be in some degree 
modified by alloying a small proportion 
of phosphorus with the metal. Dr. 
Percy has made the remark^ that for 
more than a century European metal- 
lurgists have been familiar with small 
thin bars of cast copper, of Japanese 
manufacture, which present a beautiful 
rose-coloured tint, due to an extremely 
thin and pertinaciously adherent film of 
red oxide of copper, or cuprous oxide. 
This tint is not in the least degree 
affected by free exposure of the bars to 
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the atmosphere. He has had such bars 
in his possession for more than 30 years, 
and although they have been freely ex- 
posed to the atmosphere during the 
whole of that period, yet they hare 
not undergone the least change in ap- 
pearance. £yery one knows that when 
a piece of ordinary copper is exposed to 
the atmosphere, it speedily acquires a 
dark-coloured tarnish. Hence the con- 
clusion that there is some peculiarity 
on* the surface of the Japanese copper, 
which protects the underlying metal 
from atmospheric action, and that pe- 
culiarity, it may be demonstrated, is 
the presence of a film of cuprous oxide, 
in a particular physical state, which 
acts like varnish. The bars of Japanese 
copper are actually cast under water, 
the metal and the water, previously 
heated to a certain degree, being poured 
at a high temperature. When copper 
is so cast, under suitable conditions of 
temperature, it acquires a coating of 
cuprous oxide, which acts in the manner 
described. The temperature is such 
that the so-called spheroidal action of 
water comes into play, and the metal 
flows, tranquilly under the water. The 
superficial oxidation is probably due to 
the action of a film of steam, which 
there is reason to believe surrounds 
the copper under these conditions ; and 
when copper is heated to a high tem- 
perature in steam, the latter, as shown 
by Regnault's experiments, is decom- 
posed, with the evolution of hydrogen, 
and the formation of cuprous oxide. 

Iron and Qteel.— The different 
varieties of iron and steel will not 
oxidise (rust) in. dry. air, or when 
wholly immersed in fresh water free 
from air, but they all do so when ex- 
posed to the action of water or moisture 
and air alternately. Veiy thin iron 
oxidises more rapidly than thick iron, 
owing to the scales of rust on the 
former being thrown off as soon as 
formed in consequence of the expansion 
and contraction from alternations of 
temperature. Iron plates are more 
durable when united in masses than 
when isolated. The oxidation of iron is 
to a great extent arrested by vibration. 



The comparative liability to oxidation 
of iron*and steel in moist air, according 
to Mallet, is — 

Cast iron . . . • • . 100 
Wrought iron • • • • 129 
Steel 133 

Cast iron does not rust rapidly in air. 
When immersed in salt water, however, 
it is graduallv softened, made porous, 
and converted into a sort of graphite. 
Mallet found that the rate of corrosion 
decreased with the thickness of the 
casting, being during a century •^- 
■^jj in. in depth for castings 1 in. thick. 
Stevenson found the decay to be more 
rapid than this. 

Wrought iron oxidises in moist air 
more rapidly than cast iron. The evi- 
dence as to its rate of corrosion in salt 
water is rather contradictory. Rennie 
found that it corroded less quickly than 
cast iron, but Mallet's experiments 
showed that it corroded more quickly. 

Steel rusts very rapidly in moist air, 
more quickly but more uniformly than 
wrought iron, i^nd far more quickly 
than cast iron. Low shear steel cor- 
rodes more quickly than hard cast steel. 
Recent experiments show that steel im- 
mersed in salt water is at first corroded 
more quickly than wrought iron, but 
that its subsequent corrosion is slower, 
and the total corrosion after a long 
period of immersion is less than that of 
wrought iron. 

In the course of a paper read by 
McElroy before the Western Society of 
Engineers, on the causes of corrosion 
in cast-iron pipes, the author observed 
that a prominent cause of corrosion is 
the class of materials used, and also the 
method of the manufacture of pipes in 
ordinary foundries. In the first place, 
a cheap and easily melted pig is selected 
— specifications and the inspection ot 
quality and mixture not being strict — 
and the castings (for convenience of 
handling) are generally made in green- 
sand moulds laid at a slope of about 10^ 
from the horizontal. Impure metal is 
therefore run in a way that aggravates 
its defects. The core bars are coated 
with straw ropes, which may be more 
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or less soft and loose, coated with loam 
more or less soft and wet, and sprinkled 
with sand. 

If not very carefully wedged, these 
bars will rise ; an^ they are seldom stiff 
enough to resist the upward pressure of 
the molten metal. The usual spring at 
the centre for the core of an 8-in. pipe 
is tV~7 ^^' I ^^ ^ much as -^ in. with 
a 6-in. pipe. The metal, poured in 
from the upper end, first fills the lower 
section of the mould; and as it rises 
round the core to fill the upper section, 
its weight springs the bar upward to 
the extent indicated, making the casting 
thicker at the lower, and thinner at 
the upper side. The denser, hotter, and 
purer metal fills the lower portion ; the 
impurities naturally floating upward to 
settle in the thinner metal as it cools. 
Here gather portions of the sand coating 
of the mould ; while the bubbles of the 
metal, caused by the development of gas 
from the vegetable matter of the loam, 
and from its dampness, tend to perpe- 
tuate themselves in blisters and air cells. 

The usual defects in these cheap cast- 
ings are, therefore, inequality in thick- 
ness, air cells and blisters, sand holes, 
cold chutes from chilled metal, and 
mixtures of sand and iron. Such pipes 
are also frequently out of line, from the 
effect of unequal contraction. Pipes of 
this description are peculiarly liable to 
corrosion ; containing as they do mix- 
tures of metal of different densities, to- 
gether with much graphite. The du- 
ration of such pipes in the ground is 
largely affected by the amount of dis- 
turbance they receive. If well laid at 
a good depth, and thoroughly backed, 
they may continue serviceable for many 
years ; but their defects are likely to 
become suddenly prominent upon com- 
paratively slight external interference. 
In favourable circumstances they may 
last more than thirty years; but the 
majority, if tested after less use, will 
show flaws that would have ensured 
their rejection if detected when new. 

Gruner has lately published the 
results of a year's researches into the 
comparative oxidisability of cast iron, 
steel, and soft iron, under the influences 



of moist air, sea water, and acidulated 
water. Having done justice to the 
earlier labours of Mallet, Phillips and 
Parker, he explains the arrangements 
made to secure a perfectly fair trial. 
The following results were obtained. 
The experiments with moist air are 
still proceeding; but so far, it was 
found that in 20 days the steel plates 
lost 3-4 grm. for every 2 sq. decimeters 
of surface. Chrome steel rusted more, 
and tungstated steel less, than the 
ordinary carburetted steel. Cast iron 
lost only about half as much as the 
steel, and spiegeleisen less than gi*ey 
iron. Sea water dissolves iron rapidly, 
and acts upon it more powerfully than 
on steel, most powerfully of all upon 
spiegeleisen. In 9 days, the steel plates 
with 2 sq. decimeters of surface lort 1-2 
grm., while Bessemer metal lost 3*5 
grm., phosphorised iron 5 grm., and 
spiegeleisen 7 grm. Tempered steel 
was less affected than the same steel 
twice annealed, soft steel less than 
chrome steel, and tungstated steel less 
than the ordinary steel with the same 
proportion of carbon. It is evident from 
these experiments that manganese sheets 
ought not to be used on the hull of a 
vessel. Acidulated water dissolves cast 
iron much more rapidly than steel, but 
not spiegeleisen. {La Metallurgy.) 

In the rusting of iron there is formed, 
together with an evolution of hydrogen, 
which combines with nitrogen, forming 
a small quantity of ammonia, ferrous 
carbonate. This changes very quickly 
into ferric hydrate, mixed with ferrous 
oxide, and enclosing some unaltered 
ferrous carbonate. The presence in rust 
of ferrous oxide, carbonic acid, and 
ammonia, is thus explicable. Rust 
formed under water is, in consequence 
of the smaller amount of acid present, 
usually richer in protoxide of iron, and 
therefore a little magnetic, and of a 
deeper tint than that formed in air. It 
is accordingly assumed that the car- 
bonic acid present in the atmosphere 
and in water acts, in the production of 
rust, similarly to those acids in which 
iron dissolves, the only difference beins; 
that, in the rusting of iron, the ferrous 
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salt first £brmed changes, before it is 
dissolved, into basic ferric salt or ferric 
hydrate, which change is a natural 
resnlt of the solution of iron in an in- 
sufficient quantity of the acid or water 
present, or both. The denser the iron, 
the smoother and more even its surface, 
the less is the contact between it and 
the attacking substances, and, under 
otherwise similar conditions, so much 
the better, of course, will it withstand 
rusting. If the latter has begun, it 
promotes its own further formation, as 
rust, like other porous bodies, absorbs 
gases and therefore takes up moisture 
and acids from the air. Besides, where 
rusting has already begun, the change 
from the first-formed ferrous compound 
to ferric hydrate is attended by a setting 
free of the active acid, which is then 
in a condition to act powerfully in the 
formation of fresh rust. Rust already 
formed must therefore be quickly re- 
moved, in order that a new layer shall 
not be produced. Rusting, being pro- 
moted by acids existing in the air, is 
also accelerated by those present in 
water, and for this reason iron is de- 
stroyed more quickly in marshes and 
bogs than in lakes or considerable cur- 
rents of water, which are generally 
comparatively free from acids. The 
tendency of iron to rust is also increased 
by some salts dissolved in water. Thus 
it is explained why pieces of cast iron 
can, by long immersion in sea water, be 
changed to loose masses, retaining the 
same outward form, but consisting 
essentially of carbon. Iron which has 
been metamorphosed in this manner 
contains more carbon in proportion to 
the completeness with which the iron 
itself has been dissolved. The mass, 
when taken out of the water, possesses 
a low specific gravity, and such great 
porosity that a condensation of air and 
simultaneous rise of temperature take 
place, sometimes sufficient to cause the 
spontaneous ignition of the whole. If 
a substance negative to iron, such as 
scale, tin, &c., partially covers its sur- 
face, the portions coated are of course 
protected, but the uncovered portions 
are only so much the more liable to 



rust: therefore, before coating pieces of 
iron with oil-paint one should free them 
from all scale by the action of dilute 
acid. If, as appears to be the case, 
contact with impurities renders iron 
positively electrical, their existence in 
its interior must also promote rusting. 
Thus, forged iron appears to rust first 
along the bands of impurity occurring 
in it. A partial coating of a metal 
positive to iron, such as zinc, not only 
protects the covered portions of the iron, 
but also hinders the rusting of the un- 
protected parts, the more completely, 
indeed, the smaller they are. A coating 
of fat also protects iron, for some time ; 
but when the fat, by absorption of 
oxygen from the air, has become rancid 
and in part changed into fatty acids, 
the tendency of the iron to rust is in- 
creased. From the part which galvanic 
influences take in the rusting of iron, it 
follows that those substances positive to 
iron, which, when in mere contact with 
it, prevent it from rusting, promote the 
same if they are alloyed with the iron, 
because such alloys are in general more 
positive than iron itself. Thus, manga- 
nese alloyed with iron promotes the 
tendency of the latter to rust. So long, 
however, as the quantity of manganese is 
uniform and not too large, its effect in 
this direction is inconsiderable. If, on 
the other hand, the quantity is uniformly 
distributed, the rusting of the portions 
of iron richer in manganese, and there- 
fore more positively electrical, must be 
greatly promoted by contact with those 
parts poorer in manganese ; hence the 
presence of unequally distributed quan- 
tities of manganese appears to largely 
augment the tendency of iron to rust. 
Association with electro-negative sub- 
stances, such as carbon and phosphorus, 
diminishes the tendency of iron to rust, 
if the quantities of the electro-negative 
substances be evenly distributed through 
its whole mass. But iron poorer in 
metalloids in contact with iron richer 
in these ))odies, becomes more positively 
electrical, and thus the rusting of the 
poorer portions proceeds more rapidly. 
Sulphur is an exception among the 
metalloids, inasmuch as it promotes 
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rusting. Forged iron rufltA more easily. 
With an increase in the amounts of 
carbon, silicon, and phosphorus present 
in iron, the tendency to rust diminishes, 
so that cast iron is the more capable of 
resistance to rusting, accordingly as it 
contains mote combined carbon, silicon 
and phosphorus, and becomes denser. 
Grey cast iron is, as is well known, 
poorer in combined carbon and less dense 
than white. Both characters induce a 
greater tendency to rust. Perhaps the 
jnechanically-contained graphite also 
contributes* to this, as galvanic action 
may arise from its contact with the 
iron. In spite of its lower density, and 
the contained graphite, grey cast iron 
withstands rusting better than steel, 
although the amount of combined carbon 
in the latter is probably at least as large 
as in the former. This is probably ac- 
counted for by the greater freedom of 
steel from silicon and phosphorus. The 
circumstance that grey iron smelted 
with coke is less soluble than that oh- 
tained from charcoal may be similarly 
explained, viz., by its greater proportion 
of silicon, and probably also, phosphorus. 
Spiegeleisen withstands rusting better 
than granular white cast iron, by reason 
of its greater density and larger amount 
of carbon. Elaborate experiments in 
connection with this subject were made 
by Parker, whose results are for the 
most part in accordance with the fore- 
going statements. (Akerman.) 

Protection. — (1) Galvanising consists 
in covering the iron with a thin coating 
of zinc. The iron is cleaned by being 
steeped for some 8 hours in water con- 
taining about 1 per cent, of sulphuric 
acid, then scoured with sand, washed, 
and placed in clean water. After this 
the iron is heated, immersed in chloride 
of zinc . to act as a flux, and then 
plunged into molten zinc, the surface of 
which is protected by a layer of sal 
ammoniac. The process differs slightly 
according to the size and shape of the 
article. It is a simple one, and may be 
applied to small articles in any work- 
shop. Kirkaldy found that galvanising 
does not injure iron in any way. The 
sine protects the iron from oxidation so 



long as the coating is entire ; but If the 
sheet iron be bad, or cracked, or if the 
zinc coating be so damaged that the 
iron is exposed, a certain action is set 
up in moist air which ends in the de« 
struction of the sheet. 

The sheets are, generally galvanised 
before they are corrugated; but as in 
process of corrugation the sheets, espe- 
cially the thicker ones, sometimes crack 
slightly on the surface (unless the iron 
is of the very highest quality), it is an 
advantage, with all sheets thicker than 
20 gauge, to galvanise after corruga- 
tion, so as to fill up with zinc any 
cracks that may have occurred. As, 
however, a larger quantity of zinc ad- 
heres to the corrugated than to the flat 
sheets, they have, when so coated, a 
distinctly higher value. (Matheson.) 

(2) Painting is an effectual method 
of preserving jron from oxidation, if the 
paint is good and properly applied, autl 
the iron in a proper condition to re- 
ceive it. In order that the protection 
by painting may continue, the surface 
should be carefully examined from time 
to time, so that all rust may bo re- 
moved. The paint may be renewed 
directly it is necessary. 

Cast iron should be painted soon after 
it leaves the mould, before it has time 
to rust. The object of this is to pre- 
serve intact the hard skin which is 
formed upon the surface of the metal 
by the fusing of the sand in which it is 
cast. After this a second coat should 
be applied, and this should be renewed 
from time to time as required. In any 
case, all rust upon the surface of cast- 
ings should be carefully removed before 
the paint is applied. Small castings 
are often japanned. Before painting 
wrought iron care roust be taken to 
remove the 'hard skin of oxide formed 
upon the surface of the iron during the 
process of rolling, and which, by the 
formation of an almost imperceptible 
rust, becomes partly loose and detached 
from the iron itself. An attempt to 
prevent this rusting is sometimes made 
by dipping the iron, while still hot, in 
oil. This plan, however, is expensive, 
and not very successful. The scale is 
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sometimes got rid of by " pickling," the 
iron being first dipped in dilute acid to 
remove the scale, and then washed in 
pure water.' If the trouble and ex- 
pense were not a bar to its general 
adoption, this is the proper process for 
preparing wrought iron for paint, and 
it is exacted occasionally in very strict 
specifications. But somewhat the same 
result may be obtained by allowing the 
iron work to rust, and then scraping 
otf the scale preparatory to painting. 
If some rust remains upon the iron, the 
paint should not be applied lightly to 
it, but by means of a hard brush should 
be mixed witli the rust. Ordinary lead 
paints, especially red lead, are ^ften 
used for protecting iron work, but they 
are often objected to on the ground 
that galvanic action is set up between 
the lead and the iron. Matheson re- 
commends oxide of iron paints for iron 
work generally, and bituminous paints 
fur the inside of pipes or for ironwork 
fixed under water. The ironwork for 
roofs, bridges, and similar structures, 
generally receives one coat of paint 
before it leaves the shops, and two or 
three more after it is fixed. 

(3) Dr. Angus Smith's process is an 
admirable means for preventing cor- 
rosion in cast-iron pipes. The pipes 
having been thoroughly cleaned from 
mould, sand, aiid rust, are heated to 
about 700° F. They are then dipped 
vertically into a mixture consisting of 
coal-tar, pitch, about 5-6 per cent, of 
linseed oil, and sometimes a little resin, 
heated to about 300° F. After remain- 
ing in the mixture several minutes, 
long enough to acquire the temperature 
of 300° F., the pipes are gradually 
withdrawn and allowed to cool in a 
vertical position. Perfect cohesion 
should take place between the coating 
and the pipe, and the former should be 
free from blisters of any kind. In 
practice, the heating of the pipes be- 
fore immersion is found to be very 
expensive, and is frequently omitted. 
However, many engineers consider it 
essential for really good work. 

(4) All turned, fitted, and tooled 
surfaces should have a coating of tallow 



mixed with white-lead to deter its 
melting and running off. Dr. Percy 
recommends rosin melted with a little 
Gallipoli oil and spirit of turpentine, 
of such proportions as will make it 
adhere firmly without chipping off, yet 
admit of being easily detached by gentle 
scraping. 

(5) Ventura Serra, after many years 
of expeiriment and observation, having 
noticed that knives used in cutting 
plants belonging to the family of £u- 
phorbiacese did not rust, is led to re- 
commend for this purpose an alcoholic 
solution of gum (resin of) euphorbium. 
This when applied to steel, iron, or 
copper, forms a thin, uniform, and very 
adherent layer, which effectually pro- 
tects the metal. Experiments with 
copper immersed in sea- water — a ship's 
sheathing — were followed by gratifying 
results. 

(6) According to the * Engineer,* 
J. Machabee has some little time since 
invented a composition to preserve iron 
from rust, applicable also'to other ma- 
terials, such as stone or wood, used in 
conjunction with metal. The following 
is the composition: — Virgin wax, 100 
parts ; Gallipoli, 125 ; Norwegian pitch, 
200; grease, 100; bitumen of Judea, 
100 ; gutta-percha, 235 ; red-lead, 120 ; 
white-lead, 200. These ingredients are 
mixed together in a boiler in the order 
above, the gutta-percha being cut up in 
small pieces, or rasped. The mixture is 
stirred at each addition, and poured into 
moulds. For iron, it is melted and laid 
on with a brush. 

(7) Girders, angle-irons, and similar 
large masses of iron, are often placed 
in exposed situations, where damp air, 
steam, and acid vapours have access. 
If the iron be put up in the rough, it 
very speedily rusts, and under favour- 
ing conditions the corrosion soon reaches 
a dangerous point. Contractors gene- 
rally agree to supply such irons painted 
in three coats of minium, which, if 
honestly done, to a certain extent pro- 
tects the metal; but a novel mode of 
treating girders is to heat them until, 
if touched with oil or fat, they cause it 
to frizzle, and then plunge them into a 
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vat of mixed oil and grease. This mode 
of treating cast iron is said to be superior 
to any "painting/* as the oleaginous 
matter actually penetrates the pores, 
and prevents oxidation for a very long 
time, while it does not prevent painting, 
if desirable, afterwards. 

(8) The results of some experiments 
on the preservation of sheet-iron used 
in railroad bridges have been published 
by the directory of the Government 
railroads of the Netherlands. From 32 
sheets half was cleaned by immersion 
for 24 hours in diluted hydrochloric 
acid ; they were then neutralised with 
milk of lime, washed with hot water, 
and while warm, dried and washed with 
oil. The other half was only cleaned me- 
chanically by scratching and brushing. 
4 of each kind were then equally painted 
with red-lead, with 2 kinds of a red 
paint of oxide of iron, and with coal-tar. 
The plates were then exposed to the 
weather, and examined after 3 years. 
The result was — (a) That the red-lead 
had kept perfectly on both kinds of 
plates, so that it was impossible to say 
if the chemical cleaning was of any use. 
(6) That one kind of iron oxide red paint 
had better results on the chemically- 
treated plate than on the other — in 
fact, a result equal to that of the plate 
painted with red-lead ; while the other 
kind of iron oxide red gave not very 
good results on the plates when only 
scratched and brushed, (c) That the 
coal-tar was considerably worse than 
the paint and had even entirely dis- 
appeared from those iron sheets which 
had not been treated chemically, but 
only cleaned by brushing. (J^ngr. 
Mech.) 

(9) Oast-iron Pipes. — ^The water from 
mines frequently contains enough acid 
to attack cast-iron pipes, destroying 
them in a short time. Oil colours and 
varnishes offer but a limited resistance, 
and the process of enamelling employed 
in Oberschlesia, /says Engelhardt of 
Ibbenburen, although permanent and 
effective, is expensive. Cement is 
cheaper, and is unacted upon by these 
waters, and the only question to be 
settled was whether it would adhere to 



the smooth iron with sufficient fii*ranes8. 
Two similar pieces of rolled iron were 
taken, and one of them painted over 
5 times with a very thin cement, so 
that the coating was \ in. thick. Both 
pieces were suspended near together in 
that part of the shaft where the water 
had attacked the signal cable most 
violently, and were left there 4 months. 
On taking them out, the unprotected 
iron was found to be reduced to \ its 
original thickness ; the other, in which 
a hole had been bored to suspend it, 
had suffered the same corrosion at the 
exposed portion; the cement covering 
was dark brown, but perfectly hard and 
unattacked by the acid. The cement 
was broken off, and the surface of the 
iron exhibited the dark-blue colour and 
lustre that it had on leaving the rolls. 
As this coating adhered so well to the 
smooth rolled iron, to which it cannot 
cling so tightly as to the rougher" sur- 
face of cast iron, the experiment was 
continued on a larger scale. A 26-in. 
discharge pipe in the Oeyhausen shaft 
was protected on the inside with cement. 
The coating remained unchanged for 2 
years, while the pump w^as in constant 
operation. At the beginning of last 
winter, the pump was stopped, and the 
pipe being no longer under water, the 
cement was so much injured by the 
frost that 'it scaled off. Several other 
experiments were made with similar 
results. The pipes should be new, or, 
if old, well' cleaned from rust before 
applying the cement, which is mixed as 
thin as is possible without injury to its 
tenacity. The pipe is moistened before 
the cement is applied, a thin coating of 
cement is put on and allowed to dry; 
when hard, it is moistened, and a second 
coating is applied ; and so on 4 or 5 
times. The operation cannot be con- 
ducted so well in very hot weather, as 
the cement dries too quickly ; nor must 
the pipes be exposed to frost during 
the operation or afterward. This unfor- 
tunate sensitiveness to cold may perhaps 
yet be overcome by interposing some 
semi-clastic material between the iron 
and cement. {Iron.) 

(10) Dr. W, H. Sterling's process 

U 
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consists in the impregnation and satu- 
ration of the structure of the metal 
with a non-oxidising or non-oxidisablo 
substance, by forcing it into the inter- 
cellular spaces of the metal by pressure 
while the iron is in an expanded con- 
dition, induced by heating. He gives 
one method by which his invention may 
be applied, and which he recommends 
as being eminently practical and useful. 
A vessel of any suitable material, of 
sufficient strength, is made in the form 
and size best adapted to those of the iron 
article to be treated, with the lid so con- 
strticted that the vessel may be closed 
hermetically ; at the bottom, pipes are 
arranged for conveying steam and water 
alternately, for the purpose of heating 
and cooling the interior. Connected 
with this vessel is a force-pump, for 
producing the necessary pressure, and 
appliances for obtaining a vacuum. 
The iron to be treated is heated to the 
desired temperature, placed in the-above 
vessel, the top is closed hermetically, 
and dry or superheated steam is turned 
into the pipes at the bottom, to keep 
the metal at the required temperature ; 
also, at the same time, an atmospheric 
vacuuiQ is produced by an ordinary air- 
pump connected with the chamber ; the 
proper quantity, sufficient to fill the 
vessel, of pure paraffin or paraffin in 
solution with one /)f the pure mineral 
oils, having been also previously heated 
to the required temperature, is now let 
into this chamber and forced under 
pressure into the intercellular spaces of 
the iron, those having so enlarged by 
the expansion of the metal from the 
heat and removal of the atmospheric 
pressure as to' readily admit the hydro- 
carbon preservative. When the iron 
has remained under this liquid pressure 
a sufficient time, it is gradually cooled 
by turning cold water instead of steam 
into the pipes, the pressure being kept 
up, however, until the iron is cool. 
Cei*tain qualities of iron may be treated 
without the atmospheric vacuum, but 
as the iron expands very much more, 
while greater pressure is obtainable by 
its employment, and the additional cost 
is not to be considered he recommends 



its use as desirable. (^Van Nostrand's 
Magazine,) 

(11) To preserve iron from oxidation 
when exposed to the air, Reigelmann 
takes the ordinary paints made up of 
boiled linseed-oil and the oxides of the 
heavy metals, and incorporates there- 
with in' the cold about 10 per cent, of 
calcined magnesia, baryta, or strontia, 
which has been previously steeped in an 
equal weight of light mineral oil. To 
preserve iron from rusting in the earth, 
as, for instance, gas or water pipes, 
water tanks, the sides of iron ships, &c., 
he melts 100 parts rosin and 25 of 
gutta-percha in 50 of paraffin; this 
resinous compound is then stirred into 
mineral oil, so as to have the consistence 
of paint, with which are then incor- 
porated in the cold 20 parts calcinel 
magnesia. In place of magnesia, equal 
weights of caustic baryta may be added, 
according to circumstances. After the 
addition of the magnesia, the mixture is 
anew diluted with minei*al oil until it 
can be applied with a brush. To preserve 
pieces of polished machinery or other 
article of iron or steel, and to be able 
to guarantee them against rust during 
carriage, the coating is composed of 
vaseline, or of heavy mineral oils, with 
the addition of 20 to 30 per cent, of 
calcined magnesia. If the coating is to 
serve only for a short time, instead of 
calcined magnesia, the same quantiti^ 
of burnt lime, marble, or dolomite may 
be used. For packing and covering iron 
articles, such as wire, chains, files, &c., 
cloth or paper may be used, one side of 
which is coated with the last-mentioned 
mixture, whilst the opposite side is 
rendered impermeable by the applica- 
tion of a layer of chromated glue. 
{Chem, Rev.) 

(12) In mixing paints for iron sur- 
faces it is of the flrst importance that 
the best materials only should be used. 
Linseed-oil is the best medium, when 
free from admixture with turpentine. 
A volatile oil like turpentine cannot be 
used with advantage on a non-absorbent 
surface like that of iron, for the reason 
that it leaves the paint a dry scale on 
the out.<ide, which, having no cohesion. 
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euL be readily crumbled or washed 
away. Linseed-oil, on fhe other hand, 
is peculiarly well adapted for this pur- 
pose. It does not evaporate in any 
perceptible degree, but the large per- 
centage of linolein which it contains 
combines with the oxygen in the air 
and forms a solid translucent substance, 
of resinous appearance, which possesses 
much toughness and elasticity, and will 
not crack or blister by reason of the 
expansion or contraction of the iron 
witji Tariations of temperature. It is, 
however, remarkably adhesive, im- 
pervious to water, and is very difficult 
of solution in essential oils, spirits, or 
naphtha, and even in bisulphide of 
carbon. Another important advantage 
of linolein is that it expands in drying, 
which peculiarity adapts it to iron sur- 
faces; since cracks, however minute, 
resulting from shrinkages, expose enough 
of the metal to afford a chance of cor- 
rosion, which will spread in all direc- 
tions, undermining the paint and causing 
it to scale off, besides discolouring it. 
With all its advantages, however, the 
best linseed-oil paint is but poorly 
adapted to long service as a protection 
to iron surfaces exposed to extreme 
variations of temperature and to all 
kinds of weather. Even the continuous 
film of linolein, notwithstanding its 
compactness and the additional sub- 
stance afforded by the body of the paint, 
gradually loses its toughness, curls up, 
and peels off. If chipped by accident 
before it has lost its hold on the iron, 
we fmd, if we carefully examine the 
exposed spot, that a thin film of oxide 
has formed under it. This fact accounts 
for its diminished adhesion. Iron, in 
uniting with oxygen to form a rust, 
increases its bulk in proportion to the 
amount of oxygen it has taken up, and 
necessarily occupies greater space. In a 
word, it swells, and in so doing pushes 
off from it the paint film, which sooner 
or later drops away from it. This 
undermining action of rust is the chief 
difficulty to be contended with in 
effectually preserving iron surfaces by 
means of paints or varnishes. It is not 
improbable that tb<» linolein, itself an 



oxide, may impart oxygen to the iron* 
and thus promote rusting. This idea 
has been suggested by Prof. Williams in 
a recent treatise on the subject ; and, 
whilst purely speculative, it may ac- 
count for the oxidation of iron surfaces 
when to all apj)earance effectually pro- 
tected by a coat of paint thick enough 
and continuous enough to exclude both 
air and damp. In selecting a paint for 
iron, mechanical adhesion is a con- 
sideration- of the first importance. Jn 
this respect paints differ widely ; but it 
must be remembered that in painting or 
varnishing a metallic surface, mecha- 
nical adhesion is all we have to depend 
upon. With absorbent surfaces it is 
different. Prof. Williams gives it as his 
opinion, based on observation and experi- 
ment, that pitchy or bituminous films 
are especially effective as regards their 
adhesion to iron : for example, solutions 
of asphalte, or pitch, cr petroleum, or 
turpentine. These are also very efl'ec- 
tive as regards continuity, owing to the 
fact that in drying they form plastic 
films, which yield with the contraction 
and expansion of the iron, and show no 
tendency to crack. If the surface is 
rusty, they penetrate the oxide scale 
and envelope^ the particles very effec- 
tually, making them a portion of the 
paint. The solubility of such a film 
may be counteracted by mixing it with 
linseed-oil. The experiment may easily 
be tried by mixing about 2 parts Bruns- 
wick black with 1 of red- or white-lead 
or litharge. Red-lead is the best for 
many reasons, if finely-ground and 
thoroughly mixed with linseed-oil. Any 
one of the several kinds of bitumen may 
be used; either natural mineral asphalte, 
pine pitch, or artificial asphalte, such as 
gas-tar or the residuum of petroleum 
distillation in cases where the crude oil 
has been distilled before being treated 
with acid. This gives a very hard 
bright pitch, which is soluble in " once 
run ** paraffin spirit, and makes the 
base of an excellent cheap durable paint 
for ironwork in exposed positions. Dur- 
ing the past few years have appeared 
many accounts of the preservative intiu- 
ence of paraffin when applied to iron 
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sarfacesy and recommending it in all 
classes of ironwork which can be treated 
hot. The most effective mode of apply- 
ing it is to heat the iron in vacuo, in order 
to expand it and open its pores, when 
paraffin raised to the proper tempera- 
ture is ponred into it. By this means 
the iron is penetrated to a sufficient 
depth to afford a very effectual pro- 
tection against oxidation, especially 
when a suitable paint is subsequently 
applied. Any non-oxidisable substance 
would probably answer, but paraffin is 
as cheap as any, and quite as good, if 
not better ; the exception as to quality 
being made in favour of some vitreous 
enamel, which, while costing more, 
would certainly be more permanent in 
its results. Brushed upon the outside 
merely, it is doubtful whether paraffin 
would hare much effect upon the iron, 
while it certainly would tend to lessen, 
if not destroy, the mechanical adhesion 
of a surface paiut. There is no reason, 
however, why bridge- work, iron fronts, 
&c., should not be treated with paraffin 
before they leave the shops where they 
were made, which would greatly sim- 
plify the problem of their easy and 
economical preservation from oxidation. 
In the absence of such treatment, a 
careful coating with the paint above 
described will probably prove the most 
effectual means of protecting iron sur- 
faces. (Amer. Painters* Mag.) 

(13) The iron is subjected to the 
action of dilute hydrochloric acid, which 
dissolves the iron, and leaves on the 
surface a pellicle of homogeneous gra- 
phite, which adheres well to the surface 
of the iron. The piece to be preserved 
is next treated, in a hydraulically closed 
receiver, by hot or cold water, or, 
better, by steam, in such a manner as 
to completely dissolve and remove the 
chloride of iron formed. Finally, the 
piece of iron is left to dry in the re- 
ceiver, from which all liquid has been 
removed. A solution of india-rubber, 
gutta-percha, or gum-resin in essence of 
petroleum, is then injected. On the 
essence being evaporated, there remains 
a solid enamel-like coat on the surface 
of the iron. Instead of previously 



eliminating the iron salt, it may be 
utilised in forming a kind of vitreous 
enamel. For this purpose, the iron is 
immersed, after treatment with the 
acid, in a bath of silicate and borate of 
soda. A very pure and brilliant silico- 
borate of iron is formed, which closes 
up the pores of the metal. As to the 
disengaged chlorine, it combines with 
the free soda, forming chloride of so- 
dium, which remains dissolved in the 
liquid. {Soient Amer.) 

(14) Bower-Barff* process. — Briefly, 
this process, as now worked, is as fol- 
lows: — ^The iron goods, whether rusty 
or not, «re, without preliminary treat- 
ment of any kind, placed in a suitable 
chamber sufficiently capacious to hold 
about one ton weight of contents, and 
this chamber is heated by the com- 
bustion therein of carbonic oxide gas, 
produced near at hand by several gas 
furnaces, an excess of air over that 
requisite for combustion being admitted 
also into the chamber, after having been 
heated in its passage through coils ot 
pipes placed immediately underneath 
the operating chamber. A film of mag- 
netic oxide forms upon the immediate 
surface of the iron articles, and this 
appears to be surmounted with one of 
ferric oxide (FcgO,) and it is by the sub- 
sequent reduction of this substance by 
means of carbonic oxide that the coating 
of magnetic* oxide is increased to the 
requisite extent. In brief, the excess of 
air present in one stage of the process 
seems to form ferric oxide, and when 
the proportion of air present is reduced 
(as it may be at will) so that carbonic 
oxide is present, then the ferric oxide 
becomes reduced to the lower state of 
oxidation, its oxygen contributing to 
the production of carbonic anhydride. 
The time required varies from 3 to 
12 hours, and the magnetic oxide as 
thus formed exhibits a very pleasinfr 
French-grey or leaden tint. Should 
the colour, however, be unsuitable to 
the intended use of the iron articles, 
the more costly metals may be deposited 
upon them. (Kingzett.) 

Prof. Barif has at various times pub- 
lished further details of the results of 
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the process. As to the action on the 
strength of the iron, bars treated have 
been tested for breaking and tensile 
strain, and the result is that the strength 
of the iron is not affected. The coating 
gives great hardness to the surface of 
iron, when the coating is sufficiently 
thick (even less than -^ in.). An ordi- 
nary flat rasp will not remove it with- 
out great labour, and it resists emery 
powder, will for a long time resist a 
rasp, and remove pieces of steel from it. 
Substances which adhere to iron, zinc, 
and enamel will not adhere to it. 
Saucepans in which sticky substances 
are cooked can be cleaned with the 
greatest ease, after they have been 
oxidised, a simple wipe removing all 
dirt. A urinal in constant use for 
months had no deposits on it. Water 
was evaporated in an oxidised pan for 
6 weeks— common tap water ; the water 
never boiled, but was slowly evaporated ; 
the deix>sit found was removed with a 
duster: it did not stick to the iron. 
This is a matter of great importance to 
boilers, and for pipes through which 
water is to be conveyed. Articles coated 
can be submitted to a high temperature, 
even a red heat, without the coating 
being injured or disturbed. At present 
iron wire cannot be treated successfully 
— the wire can be treated and will not 
rust, but it cannot be bent to a sharp 
curve without the coating coming off. 
Riveted iron plates can be most success- 
fully treated ; the process tightens the 
rivets and assi^^ts the caulking. Weights 
were treated for the Government, and 
submitted to tests, and the process is 
now recommended by the department 
for the standard weights throughout 
the country. Prof. Barff has not yet 
met with any sample of cast iron which 
could not be properly treated. Wrought 
iron requires a somewhat different treat- 
ment ; a lower temperature, about 
900° F. (493° C.) suits it best, and 
steel also. It is not well to expose 
articles very different in bulk at the 
same time; all that are put into the 
muffle should be pretty nearly equal in 
bulk. For instance, very heavy articles, 
such as a 56-lb. weight, should not be 



treated with gutter spouts. Cast and 
wrought iron should not be treated 
together. For the chamber at present 
in use, 2 ft. x ^ ft. 6 in., and 1 ft. 6 in. 
high, the outlay on fuel for subjecting 
the articles within the chiimber to 
superheated steam for 10 hours is 5j». 
In a manufactory this cost would be 
greatly reduced. A West Bromwich 
firm, working the patent under a royalty, 
inform him that the cost will not ap- 
]iroach that of galvanising iron, and he 
supposes it will little exceed that of the 
periodical three-coat paintings. The 
increase caused by oxidation can be 
estimated, and to fit nut and screw for 
each other, allowance must be made for 
this in casting. As to the treatment of 
riveted ai*ticles, and the danger that 
the coating film would be removed, 
there is some difficulty in this ; he sup- 
poses boilers will be treated in large 
chambers when made up. When the 
rivets were hammered or pressed into 
the plates, the coating is removed, and 
of course these spots would be attacked 
by rust. The remainder of the plates 
might be protected from abrasion ; the 
practical difficulty is to re-oxidise the 
rivets in situ. To accomplish this he 
proposes to cover the band of rivets 
with a porous cap of silicate cotton, and 
to subsequently re-oxidise that portion. 
But even if this were not successful, the 
rusting of the rivets would be of little 
practical injury, as it would take so 
many years to rust through a rivet, and 
the corrosion could not spread laterally, 
on account of the repellent character of 
the black oxide. As to the pressure of 
steam in the boiler, 40 lb. is the ex- 
treme; but they are obliged to use 
considerable force to eflect the double 
object of keeping out atmospheric air 
and to efficiently oxidise the surfaces 
treated. The oxidation only proceeds 
till the pores of the iron are all filled 
up with black oxide ; but with very 
thin objects, great caution has to be 
taken, lest they should be oxidised 
thi'ough. 

(15) The method of preserving iron 
by forming an inoxidisable film or coat 
upon the surface has been tried in 
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France, the process adopted being 
modificatious of those patented by 
fiarff and Bower. According to Kraffl, 
Bourdon encloses the articles to be pre- 
served in a cylinder closed at both ends 

if 

by riveted plates, into one of which the 
steam supply pipe enters, while the 
other is supplied with 3 openings. Into 
one of these a thermometer is fitted; 
the second is supplied with a stopcock 
through which to allow the water con- 
densed to run oif. This must be done 
frequently, as the steam must be as dry 
as possible. To the third is fitted an 
escnpe-valve for the steam. The most 
favourable conditions for success are the 
following : — ^The pressure must amount 
to 2 or 2} atmospheres, the temperature 
must be from 626^ to 644° F. (330° to 
340° C.)) and 5 hours must be allowed 
for the completion of the operation. A 
cohering of a greenish-black colour is 
obtained, which adheres firmly and is 
perfectly stable. The cylinder is placed 
in a sort of oven, maintaining its shell 
at about 930° F. (500° C). The ther- 
mometer, plunged in the steam of the 
interior with its registered part pro- 
truding so as to allow observations, 
showed, however, only 644° F. (340° C). 
If the current of steam is stopped, the 
thermometer will almost instantly rise 
to 930° F. (500° C). The coating is a 
perfect success ; care must, however, be 
taken that no parts of the articles are 
soldered togethei* by tin solder, iis the 
latter melts at 442° F. (228° C). Even 
if the connection remains intact, there 
will always be a few minute globules 
of solder detached and stains caused. 
Copper must be used instead. In fur- 
ther following, up his experiments, 
Bourdon conceived the idea of replacing 
the steam by hot air. He proceeded as 
follows : — ^A coil of pipe communicating 
at one end with the open air ascends 
gradually through a reservoir heated 
to 248° F. (120° C), whence it enters 
the cylinder in which the articlob* to be 
operated upon are enclosed. Thi.-; cylin- 
der is identical with that used for steam. 
The escape-valve leads into a tank con- 
taining water, permitting a better regu- 
lation of the nir current. This must 



pass very slowly. The interior pressure 
is but a little above one atmosphere, as 
the apparatus communicate/i with the 
open air. The temperature of the air 
in the cylinder is 636° F. (280° C); 
the time consumed, 5 hours. A layer 
•^in. in thickness is obtained, capable 
of resisting the action of emery-paper, 
and unaffected by dilute sulphuric acid. 
The layer possesses a fine greenish-black 
colour. To ensure perfect success, the 
articles must be suspended completely 
free. After removing them' from the 
apparatus, they are rubbed with a 
greasy cloth ; stains, if any, are removed 
with emery-paper or iron-dust. It has 
been found that with an elevation of 
temperature under pressure of one 
atmosphere a very thick layer is ob- 
tained, which, however, scales off easily. 
The adherence is, therefore, a question 
of temperature and not of pressure, as 
was formerly supposed. Those pieces 
coated by hot air were for one month 
exposed to the weather without being 
attacked in the least. On removal of 
the exterior black rind, a grey layer is 
discovered below the same, which to 
some extent becomes rusty on exposure. 
The rust, however, does not adhere as 
on metallic iron, but is easily removed 
by scraping with a piece of wood. This 
fact also applies to articles coated by 
steam. Last June, Bourdon tried the 
process on 400 rifle barrels at once. 
Similar trials have since been made, 
showing the practicability of using it on 
a large scale. The principal point is to 
obtain a current of air sufficiently 
abundant to secure a proper thickness 
of the layer, but of a circulation slow 
enough to allow the air to act on the 
iron. The French Government has 
already adopted the prooess at some of 
its arsenal manufactories. 

(16) A process of painting, as a substi- 
tute for galvanising, has been invented 
by Neujean and DeLiite, of Liege. It is 
specially intended for objects of large 
dimensions, which cannot easily be 
moved, and therefore cannot well be 
dipped into a bath of melted zinc The 
zinc, when finely pounded, is simply 
mixed with oil and siccative. In this 
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way a Tarnish is obtained, which is ap- 
plied with a brash in the usual manner. 
A single layer is sufficient, but two are 
preferable. The coated objects can be 
left as they are, or bronzed and painted 
as required. 

(17) An anti-corrosion paint for iron. 
If 10 per cent, of burnt magnesia, or 
even baryta or strontia, is mixed cold 
with ordinary linseed oil paint, and then 
enough mineral oil to envelope the alka- 
line earth, the free acid of the paint 
will be neutralised, while the iron will 
be protected by the permanent alkaline 
action of the paint. Iron to be buried 
in damp earth may be painted with a 
mixture of 100 parts of rosin (colo- 
phony), 25 of gutta-percha, and 50 
of paraffin, to which 20 of magnesia and 
some mineral oil have been added. 
{Neueste Erfind.) 

(18) A simple and economical way of 
tarring sheet iron pipes to keep them 
from rusting is the following: — ^The 
sections as made should be coated with 
coal tar and then filled with light wood 
shavings, and the latter set on fire. 
The effect of this treatment will be to 
render the iron practically proof against 
rust for an indefinite period, rendering 
future painting unnecessary. In proof 
of this assertion, the writer cites the 
example of a chimney of sheet iron 
erected in 1866, and which, through 
being treated as h6 describes, is as bright 
and sound to-day as when erected, 
though it has never had a brushful of 
paint applied to it since. It is sug- 
gested that by strongly heating the iron 
after the tar is laid on the outside, the 
latter is literally burnt into the metal, 
closing the pores and rendering it rnst 
proof in a far more complete manner 
than if the tar itself was first made 
hot and applied to cold iron, according 
to the usual practice. It is important, of 
course, that the iron should not be made 
too hot, or kept hot for too long a time, 
lest the tar should be burnt off. Hence 
the direction for the use of light shav- 
ings instead of any other means of 
heating. (Oas Light Journal,') 

(19) Grace Calvert some years ago 
drew attention to the fact that steel 



after immersion in caustic soda or 
caustic potash is preserved from lia- 
bility to rust. This apparently valuable 
information does not seem to have been 
acted upon by chronometer makers and 
others, to whom any method of secur- 
ing immunity from rust would be of 
considerable service. Balance springs 
for chronometers have been occasionally 
coated with collodion, but the thick- 
ness and rapid decay of this film inter- 
feres with the timekeeping of the 
chronometer, and is therefore objection- 
able. On inquiring of one chrono- 
meter maker, we were told that he had 
treated some springs with caustic soda 
at the time Calvert published his work, 
and that these springs were still free 
from rust ; but as they had not been 
exposed to damp with other springs not 
so treated, he was unable to deduce any 
opinion as to the advantage of the pro- 
cess. So it is generally. Practical men 
are continuously occupied with their 
work, and have unfortunately no time 
for experiments, though they suffer day 
after day from an evil the removal of 
which is probably within their grasp. 
(Mechanical World.) 

(20) To preserve 'iron from rust in 
Ceylon it requires to be first well 
scraped and cleaned ; and if for outside 
work, such as bridges, roofs, girders, 
&c., it should be well coated with tar 
paint. The following receipt will ^be 
found to answer well, viz. coal-tar 
9 gal., slaked lime 13 lb., turpentine or 
naphtha 2-3 qt. The use of the lime is 
for neutralising the free acid in the tar. 
This paint is very fiuid, and well adap- 
ted for roofing, galvanised or black 
corrugated iron, &c. 

(21) At Port Chester, Pa., pipes 
have been treated by a new process, 
which is said to have advantages over 
the Bower-Barff process. Hanpt de- 
scribes the plan as follows: After the 
pipes have been lowered into the retorts 
by means of a traveller, the retorts are 
closed for about 15 minutes until the 
contents are heated to the proper tem- 
perature. Steam from the boiler at 
60 lb. pressure is then introduced into 
the superheater, which it traverses, and 
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from which it escapes at the tempera- 
ture of the iron, upon which it acts for 
about one hour. A measured quantity 
of some hydrocarbon is then admitted 
with a jet of steam, followed again by 
a fixing bath of superheated steam, 
which completes the process. The 
absence of pressure and of explosive 
gases is a proof that all the opera- 
tions have been nicely reguLited, 
and that a perfect absorption and union 
of the carbon, oxygen, and hydrogen 
with the iron has been effected. The 
protection is said to be a real conversion 
of the metal to a certain depth into a 
new material. There is no coating that 
cracks or can be destroyed by bending, 
hammering, rolling, or heating. 

(22) Too much stress cannot be laid 
upon the condition of the surface of the 
iron at the time of coating ; and it is 
perfectly essential either to have a dry 
surface or else a composition which is 
not affected by water. Prof. Leives 
remarks that when an old iron structure 
is broken up, on the backs of the plates 
may often be seen the numbers painted 
on them in white lead and linseed oil 
when the work was put together, and 
under the paint the iron is in a perfect 
state of preservation, the secret being 
that the paint was out on while the 
plates were hot and dry. 

Compounds prepared with boiled 
linseed oil are open to objection, on 
account of the presence of lead. The 
drying of boiled linseed oil is due to the 
fact of its containing a certain quantity 
of an orgauic compound of lead ; and 
the drying property is, moreover, im- 
parted by boiling it with litharge (oxide 
of lead), so that lead compounds are 
present even when the oil in not mixed 
with red or white lead pigment. When 
boiled oil dries, it does so by absorbing 
oxygen from the air, and becomes con- 
serted into a kind of resin, the acid 
properties of which also have a bad 
effect upon iron. Protectives of the 
class of tar and its derivatives, such as 
pitch and black varnish, and also asphalt 
and mineral waxes, are regarded by 
Prof. Lewes as among the best. Certain 
piecautions, however, must be taken in 



the case of tar and tar products, both 
of which are liable to contain small 
quantities of acid and ammonia salts* 
If care is taken to eliminate these, and 
if it could be contrived to always apply 
this class of protectives hot to warm 
iron, the question of protection would 
be priictically solved; bituminous and 
asphaltic substances forming an enamel 
on the surface of iron which is free 
from the objections to be raised against 
all other protectives — that is, of being 
microscopically porous and therefore 
pervious to water. Spirit or naphtha 
varnishes are condemned by Prof. Lewes 
as open to several objections. Varnishes 
to which a body has been given by some 
pigment, generallv a metallic oxide, are 
preferable to the last class, if the solvent 
used is not too rapid in its evaporation, 
and if care has been taken to select 
substances which do not themselves act 
injuriously upon iron, or upon the gums 
or resins which are to bind them to- 
gether, and are also free from any im- 
purities which could do it. 

At the present time, as the author 
truly remarks, the favourite substance 
for this purpose is the red oxide of iron ; 
but care should be taken to exclude 
from it free sulphuric acid and soluble 
sulphates, which are common impurities 
I and extremely injurious. The finest 
coloured oxides are, as a rule, the worst 
offenders in this respect, as they are 
made by heating green vitriol (sulphate 
of iron), and in most cases the whole ot 
the sulphuric acid is not driven off, the 
heat required being injurious to the 
colour. The acid is often neutralised 
by washing the oxide with dilute soda 
solution; but very little trouble, as a 
rule, is taken to wash it free from the 
resulting sulphate of soda, which is left 
in the oxide. The best form of oxide of 
iron to use for paint making is obtained 
by calcining a good specimen of hema- 
tite iron ore at a high temperature. 
When prepared in this way, it contains 
no sulphates, but a proportion of clay 
which is harmless if it does not exceed 
12-18 per cent. Paint makers can 
easily test their red oxide for soluble 
sulphates l>v warming a little of it with 
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pure water, lilterlDg, and adding to th« 
clear solution a few drops of pure hy- 
drochloric acid and a little chloride of 
barium solution. If it white sedimeDt 
forms in the solution, the sample should 
be at once rejected. 

In the application of a preserrative 
coating to iron. Prof. Lewes directs, 
first, thorough scraping nnd scrnbbing 
from all non-adherent old paint and 
rust. New iron should ba pickled with 
dilute acid to get rid of every tiare of 
mill s^le; the acid to be neotialiscd 
ailerward bj a slightly alkaline wash 
nnd this again to be washed off by clean 
water. Under these conditions, nnd i 



(23) Forsereral Jean, Q. W. Gemer, 
of Kew York, has been eiperimeating 
v>ith a process for giving ai'ticles of iron 
nnd steel n rust-proof coating. Plant 
has been established aE South Brooklyn, 
which has been in operation for some 
time past. The accompanying illustra- 
tions. Figs. 266, 267, and 268, show its 
construction. It consists substsntially 
of a bench of two ordinary gas retorts 
placed side by side in a furnace heated 
by a grate Each retort is heated to a 
temperature of 1000-1200° F , as may 
be determined by the charncter of the 
articles to be treated The latter are 
introduced by means of a crane nnd 
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giren a composition of good adhering 
properties, but little apprehension need 
be felt with i-egard to the ravages of 
corrosion, the chief remaining risita 
being from abrasion or other mechanical 
injury to the composition, coupled with, 
improper contituents in itself. (_8cient. 



pulley, care bemg talien that they do 
not touch one another. After closing 
and testing the retort, the heating con- 
tinues for about 20 minutes. Then 
iteam ii introduced into what Geener 
calls a " hydrogen generator," shown in 
Figs. 267 and 266. It is a simple pipe, 
open at the rear end. Gesner claims that 
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enter the g«nerator daring the whole 
operation is continued for 15 minutes 
longer. The whole time employed in 
the operation is therefore 1 hour and 20 
minutes. The " purging-pipe," which 
dips into an open vessel of water, as 
shown in Fig. 266, to the depth of 1 ^ in., 
carries off any excess of gases produced 
in the operation. In cases where articles 
treated are ornamental, such as art 
hardware, they are given a bath of cold 
whale oil or paraffin oil to render them 
more even in tone. In other articles no 
oil is used. The plant now established 
nt South Brooklyn is rated at a capacity 
of 6 tons per day of boiler tubes 7} ft. 
long, or 2 tons of ornamental hardware, 
the rate of production of treated goods 
depending upon the time required for 
handling them. The average cost in 
America of fuel per day is reported by 
Gesner to be 7s., iDcluding coal for the 
boiler. 

To substantiate his claim that hydro- 
gen has a function in the creation of a 
rust-proof coating, Gesner quotes the 
following analysis, made by Stillman & 
Gladding, of New York, of a sample of 
the surface of cast iron prepared by the 
process: Carbon, 1*01 per cent.; hy- 
drogen, 0*22 per cent. ; sand, 6*70 per 
cent. ; and iron, 66 * 10 per cent. The 
chemists add that the iron is present as 
metallic iron and as oxides of various 
constitution. 

In order to determine whether the 
treatment had any adverse etfect upon 
the strength and resistance of wrought 
iron and steel suitable for boiler, ship, 
and bridge purposes, a series of tests 
were made by B. H. Coffin, in charge 
of the testing department of Henry 
Warden, Germantown Junction, Phila- 
'delphia. Pa. We quote as follows from 
this report: — 

• " 5 test pieces of iron were cut from 
a single plate ^ in. thick, and 5 more 
similarly from a f in. steel plate. These 
were machined to suitable sizes for the 
standard 8 in. test piece, giving a section 
of about 9*71 sq. in. for the iron and 
0*51 sq. in. for the steel. Three of 
each of these sets were forwarded to 
Gesner for treatment, who retained one 



and returned the remainder. The tests 
were made with a 200,000 lb. Olsen 
machine, and the measurements with 
Brown & Sharp's micrometer gauges, 
and are believed to be accurate. 

The pieces were gauged both before 
and after treatment, and showed no 
change. The tests show practically no 
e£fect whatever upon the iron, with the 
exception of a slight decrease in the 
elongation. As the reduction of area is 
not fully ascertained, it is impossible, 
without further evidence, to say whether 
or no the ductility is affected. At any 
rate the ductility being so low, this 
small reduction, if proved to exist, 
would be of comparative unimportance 
in affecting the value of the metal. The 
steel is benefited. The annealing under- 
gone during the treatment has softened 
it to some extent ; it has lost about 5 
per cent, in strength but gained 5 per 
cent, in elongation. This metal origi- 
nally would not have come up to speci- 
fications, being insufficient in stretch. 
The treatment has not reduced the ten- 
sile strength below the assigned limit ; 
at the same time it has brought the 
elongation up to requirements. Pieces 
of both iron and steel were bent cold to 
an angle of 45° without showing any 
fracture or scaling of the treated sur- 
face. 

The following are the results of the 
tests : — 

Xlongation. fiedttcUcm ElasUc Ultimate 
Percent, of Area. Limit. Stren. 



Iron— 
Untreated < 

Treated . . | 
StbeL" 
Untreated < 

Treated .A 



10*6 12*9 32,350 46,040 

10*1 11-6 33,750 44,880 

8'4 13-4 33,740 42,620 

6*6 11-6 33,640 45,770 

21*6. 43-3 41,960 58,250 

19*l' 42-8 43,050 59,120 

24*1 40-9 39,050 55,880 

26'0 44-9 37,390 55,220 



A large variety of iron and steel 
goods have- been already treated in 
quantities by the South Brooklyn Rust 
Proof Iron and Steel Works, among 
them being builders' and art hardware, 
roofing shingles, stove fittings, pipe and 
pipe fittings, parts of water meters, 
steam radiators, pistols, and other 
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articles. The colour prodaced is a dark 
blue, (fron Age,) 

(24) Some machinery makers use a 
kind of thin black japan for preserving 
the brightness of polished parts. Some 
months ago the writer was in several 
works of Lancashire tool makers, and 
noticed this black material in use. It 
is easily laid on with a brush in the 
same way as paint, and is very readily 
removed at any time with a rag soaked 
in turpentine. It does not attack the 
metal, as the acid from fats is so liable 
to do, and has the great advantage of 
being much more cleanly both in use 
and appearance, being perfectly hard 
and dry, and thus allowing the ma- 
chinery to be handled, which, in pack- 
ing for railway transit or shipment, is 
very important. In many cases a great 
deal of the ordinary white-lead and 
tallow is rubbed off in the packing 
operations, and the object sought by its 
application is thus defeated. A good 
substitute for such mixture is very de- 
sirable, and the subject is worth the 
attention of engineers and machine 
makers. (T. T.) 

Lead. — Soft water, especially when 
full of air, or when containing organic 
matter, acts upon lead in such a way 
that some of it is taken up in solution, 
and the water is poisoned. Vitiated or 
impure air acts upon lead in a somewhat 
similar manner. Pure water, not con- 
taining air, does not act upon pure lead. 
When the water contains much oxygen, 
the lead is oxidised ; and oxide of lead, 
a highly poisonous substance, is to some 
extent soluble in water. If there is 
much carbonic acid present it converts 
some of the oxide into carbonate of leal, 
which is almost insoluble and therefore 
comparatively harmless. The waters 
which act most upon lead are the purest 
and most highly oxygenated, also those 
containing organic matter— ^nitrites, 
nitrates, and chlorides. The waters 
which act least upon lead are those 
containing carbonate of lime and phos- 
phate of lime, in a less degree sulphate 
of lime. Some of these form a coating 
on the inside of the pipe which protects 
it from further action. Some vegetable 



substances contained in water, peaty 
matter for example, also protect the 
pipe, by forming an internal coating 
upon it. It appears therefore that hard 
waters, containing (as they generally 
do) carbonate of lime, do not readily 
affect lead. Soft waters, such as rain 
water, and water obtained by distilla- 
tion — water polluted with sewage— 
water in tanks having a muddy deposit 
— may all become poisoned when in 
contact with lead. The mud of several 
rivers, even the Thames, will corrode 
lead, probably from the organic matter 
it contains, but it does not necessarily 
follow that any lead has been dissolved 
in the water. Bits of mortar will also 
corrode lead. Vegetables and fatty 
acids arising from fruit and vegetables, 
cider, sour milk, &c., also act upon 
lead. 

(1) Prof. Emerson Reynolds has de- 
scribed a process for the protection of 
lead against corrosion, which is done by 
coating it with a film of sulphide of 
lead. He recommends the following 
method : — ^Take 4 dr. solid caustic soda, 
dissolve it in 3^ pints water, and add 
to the liquid 4^ dr. nitrate of lead, or 
an equivalent of other lead salt, with 
62 fl. dr. water ; raise the temperature 
of the mixture to 194° F. (90° C). It 
sufficient lead salt has been added, the 
liquid will remain somewhat turbid 
after heating, and must then be rapidly 
strained or filtered through asbestos, 
glass-wool, or other suitable material, 
into a convenient vessel. The filtered 
liquid is then well mixed with 25 fl. dr. 
hot water, containing in solution 1 dr. 
sulpho-urca or thio-carbamide. If the 
temperature of the mixture be main- 
tained at about 158® F. (70° C), deposi- 
tion of sulphide of lead or galena, in the 
form of a fine adherent film or layer, 
quickly takes place on any object im- 
mersed in or covered with the liquid, 
provided the object be in a perfectly 
clean condition and suitable for the 
purpose. When the operation is properly 
conducted, a layer of galena is obtained, 
which is so strongly adherent that it 
can be easily polished by means of tha 
usual leather polisher. It is not neccs* 
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sary to deposit the galena from hot 
liquids, but the deposition is more rapid 
than from cold solutions. 

(2) Dr. Percy obserres that in the 
collection of the Museum of Practical 
Geology, in London, is a number of very 
thin sheets of lead, coated with bands 
of varied and extremely bright colours. 
Although the atmosphere has had free 
access to these sheets for about 30 years, 
the colours are as bright as they were 
at first. The sheets were prepared at 
Beaumont's smelting works, by dexter- 
ously skimming in the process of de- 
silverizing lead by Pattinson's process. 
The colours are certainly caused by 
excessively thin films of oxide of lead 
of various thickness. 

(3) Applying an internal bituminous 
coating is said to be successful. 

(4) Boiling for 15 minutes in a solu- 
tion of sulphide of soda, by which the 
surface becomes coated with a film of 
sulphide of lead, insoluble in water. 

Silver. — (1) To prevent silverware 
from tarnishing, it is only necessary to 
brush it over with alcohol in which a 
little collodion has been dissolved. It 
dries immediately, leaving a thin trans- 
parent invisible covering on the silver, 
which can be removed at any time by 
dipping the article in hot water. 

(2) Silver paper. This is not the 
thin ephemeral-looking paper which the 
French are fond of calling pelia-e d'oig' 
noUf but a product discovered by a 
German pharmacist, and used, we are 
told, in some of the large towns for pre- 
serving silver from tarnish of all kinds. 
6 parts ordinary caustic soda are dis- 
solved in sufficient water, and the solu- 
tion is diluted to 20° B. To this solu- 
tion 4 parts oxide of zinc are added, and 
the liquor is boiled' until this oxide is 
dissolved. Sufficient water is now added 
to bring the solution down to 10° B. 
Thin paper or calico soaked in this solu- 
tion and dried will effectually preserve 
the most highly polished silver from 
the taniishing action of sulphuretted 
hydrogen, which is contained in ap- 
preciable quantities in the air of all 
densely-inhabited localities. Several 
journals have mentioned this prepara- 



tion, but the exact manner of carrying 
it out is that given above from the 
German periodical in which it appeared. 
It is evident that not only silver objects 
may be preserved by this device for a 
considerable time, but scientific instru- 
ments made in other metals might be 
protected also during a long journey by 
sea or land from the oxidising influence 
of the damp air. All that is necessary 
is to wrap up the articles completely in 
the paper, so that no external air can 
come in contact with them. (Burgoyne.) 
Zinc. — Damp air soon attacks zinc 
surfaces, but forms a film of oxide which 
arrests further corrosive action. Should 
the air, however, contain acid vapours, 
as it does in towns and near the sea, it 
is rapidly destructive. Soot i.s very 
injurious, forming a galvanic couple 
with the zinc, excited by the acid and 
watery vapour of the air. In contact 
with copper, iron, and lead, especially 
in the presence of moisture, voltaic 
action is also set up, and soon destroys 
the zinc This metal is also much 
affected by lime, even in the form of 
chalky water ; and by all acids, or- 
ganic not excepted, hence it should not 
be joined to oak nor placed where urine 
may reach it. 



Pumps and Siphons 

(iv. 87-108). 

Pumps. Acid. — Although this de- 
vice, in slightly different forms, has been 
in use for some time, yet the con- 
venience of the modification shown in 
Fig. 269 may render it worthy of 
description. ABC are 3 glass tubes 
passing through the rubber stopper D, 
A and B ending just below the stopper, 
and reaching to the bottom of the 
bottle. To B is attached a double- 
valve rubber bulb. A is so bent that 
while the bulb is clasped in the hand, 
the thumb can easily be held over the 
open end of A at H. Acid can then be 
forced out through C, and the flow may 
be checked instantly by removing the 
thumb from H. The left hand is thus 
left free to hold nnder the vessel into 
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nhioh the acid is to flow. A gUzcd 
mtI hen watt dUh is placed upon the 
table nndei C to cstch the drippin|;a. 
For the aae of large clnuea of beginners 
In gcDeral chemistry this apparatus is 
well adapted, aince acddeota reiuUing 
from carelesi handliDC are rendered 
nlmoit impoaaible, ai)d both acid and 



stoaevare, plunger and Til res also being 
of thi> material. The Talvei and lent- 

the talre-boi corers, and the lift of 
the Tatvea is adjustable. In cue of 
injury to anjr portion of the pamp, it 
can be replaced at a amalt coat. The 
pumpa are made in eiies to lift 240- 

1)0. 




tube C 



time are economised. Th 

may be used for carboji 

being eitended upvarJ, so tnai au 

acid bottle maj stand on the boi beneath 

it, and H being kept closed by a piece 

of rubber tubing and a pinch cock. 

(L. M. Dennis in Amer, Chan. Jour.) 

DoultonandCcofLambeth, hare for 
aome yeara past devoted special atten- 
tion to the subject of stoneware pumps 
for acids, and have sparfd no etfort lo 
produce a thoroughly el£cient and re- 
liable iipparatuE. The original design 
has been greatly modiliM, and the 
present pattern shown in Fig. 270 em- 
bodies all the improTenients auggeeted 
by many years' practical aiperience. 
Each pump, before beia; supplied, is 
put into actual work with a 30-ft. head 
of vater and tested as to efficiency, and 
■o to ensure satisfactery working. They 
are etiongly constructed of acid-proof 



the combined application of two natuial 
forces to the eleTation of water. These 
foTcea are : first, the heat of the atmo- 
sphere ; and second, the cam]>arative1j 
low tcmperj ' " ' ■ 



Fig. 271 s> 



a the 



geneti 



rangement of an npparatua worked on 
this principle. This appaiatua haa been 
built at Auteuil, where it operates very 
well, although the French climate ii 
not faTOUTabie to the operation ofsuch a 

F is a small building covered by a 
roof £, which is eiposed to the south, 
and this roof ia formed of 10 metallic 
platee. which are numbered 1, 2, 3, 4, 
S, e, 7, B, fl, 10. Each of these plates 
consists of 2 sheets of iron riveted to- 
gether on all their edges, and separated 
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slightly by filling pieces. Each plate 
thus constitutes a water-tight receptacle, 
in which a volatile liqaid can be held. 
Various liquids can be used, but pre- 
ference is given to a solution of ammonia. 
Under the influence of atmospheric heat, 
the solution emits vapours, and these 
vapours or gases escape through tubes, 
one of which is provided for each plate, 
and are conducted to the receptacle N. 
Any liquid which may have been carried 
along by the gas is taken back to the 
plates by a tube. By another tube the 
gas escapes from the vessel K. This 
gas has a pressure of 1, 2, or 3 atmo- 
spheres, according to the work which is 
to be done. It is conducted through a 
tube to a hollow sphere, which is placed 
in the well or tank from which the 
water is to be elevated. This sphere 
contains a rubber diaphragm, which can 
attach itself to either half of the sphere. 

Let us suppose, for instance, that the 
sphere is full of water; the rubber dia- 
phragm, consequently, will rest a^^ainst 
the upper half or hemisphere. If, now, 
the pressure of the ammonia gas is 
brought to bear on the diaphragm, it 
will be forced to rest on the lower 
nemisphere; but in order to do this, 
the diaphragm must eject the water 
which fills the sphere. This causes the 
formation of a jet of water, as shown 
above the tank R near the letter G. 
But the gas must be driven from the 
sphere after it has been emptied of 
water, so that the operation may be 
renewed. This is accomplished in the 
following manner : In the centre of the 
diaphragm a float is inserted, which 
carries a rod by which a slide is actuated. 
One of the apertures in this slide co- 
incides with the gas inlet, and the other 
with the outlet. When the diaphragm 
rests on the upper hemisphere the inlet 
is opened, and the water escapes ; when 
it moves toward the lower hemisphere 
the inlet is closed, the outlet is opened, 
the sphere is filled with water again, 
and so on. 

This wonld complete the operation if 
the ammonia gas did not cost anything ; 
but as it is expensive, it must be used 
over and over indefinitely. Here we arc 



aided by the low temperature of the 
water, which is made to pass through a 
serpentine pipe contained in a water- 
tight vessel containing part of the 
ammonia solution used. The solution 
is cooled by the water in the pipe, and 
is ready to absorb ammonia. Then, as 
soon as the outlet is opened, the am- 
monia gas conducted into it is absorbed, 
the pressure which was exerted in the 
sphere is removed, and water can again 
enter the sphere. A final precaution is 
taken, which is to attach a little pump 
to the float, by means of which the 
ammonia solution can be pumped back 
into the roof £. 

The apparatus at Auteuil raises 
over 300 gal. of water per hour. In 
warm countries, the same apparatus 
would raise 792 gal. a distance of 65 (i. 
The calculation of the results to be 
obtained by this apparatus is based on 
the following considerations : 

A sheet of metal 1 yd. square absorbs 
1 1 calories for a difference of 1° C. £ach 
plate which has a surface of 4 sq. yd. 
absorbs 44 calories per hour. If there 
is a difference of 6 % 264 calories will 
be taken from the atmosphere every 
hour ; and by combining this quantity 
of heat with the cooling action of the 
water, it is easy, by the difference of 
tension produced, to obtain an inexpen- 
sive force for raising water. 

This apparatus differs from the nu- 
merous devices by which attempts have 
been made to utilise solar heat by means 
of the Archimedean mirror, by which 
only secondary heat is obtained. It is 
not necessary to^oncentrate the heat by 
metallic or other mirrors; the atmos- 
pheric heat is the basis of the operation, 
and all roofs exposed to the sun can be 
used for this purpose. In this manner 
a valuable motive power can be obtained 
in wann countries without loss of room. 
Generating plates, such as described, can 
be applied to any roof, and if we con- 
sider, that with only 10 such plates 
792 gal. can be raised 65 ft. per hour, 
we can easily understand that a great 
elevating power can be obtained by in- 
creasing the number of plates. ^La 
Nature.) 
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Siphons. — (a) The foUowiDg ar- 
rangement of siphon is little known, 
though used at yarious times, and for 
various purposes, the last 20 years. It 
simply consists in having the ends of an 
equal legged siphon bent up as in Fig. 272. 
When the above is once charged, and the 
openings kept level, it will draw the 
liquid from a vessel, stopping, of course, 
when the level of the liquid reaches that 
of the openings, but will start into action 
again if the level of liquid rises. Che- 
mical readers will find a glass t^be, bent 



272. 



273. 



Permanent »iphon. 

as above, very handy in the laboratory 
for decanting, as, when not in use, it 
can be hung ready charged on a nail 
against the wall. The principle may 
be applied to a couple of rain water- 
butts, with the object of not cutting 
the casks in any way below the water- 
line, obviating oozing and dropping — 
the common complaint about the connec- 
tion of water-butt5. It answers very 
well. Fig. 273 is the arrangement. Put 
a long turn-up on the overflow siphon — 
about 9 in. — so that evaporation can take 
place to some extent without interfering 
with the stability of the water in the 
pipe. For charging the two long siphons, 
have a small gas tiip soldered on the top 
of each, through which to suck out the 
air, after which screw up the little nut 
or plug of taps very tight, so that they 
cannot be opened by meddlesome fingers. 
The overflow may be charged in a tub 
of water, and afterwards adjusted on 
edge of cask, so as to keep the level 
about 1 in. from top when raining 
heaviest. The siphon for laboratory use 
above mentioned could be improved by 
making one of the legs straight, and 
fixing it to a piece of rubber tube with 
a pinch tap. Arranged thus it could 
be carried about without fear of up- 




setting the balance of the water in the 
two legs. 

(6) The numerous experiments in 
disinfecting with sulphurous anhydride 
have shown that the chief difficulty in 
the way of various applications of it re* 
side in the imperfection of the apparatus 
designed for holding and distributing 
this liquefied gas under strong pressure. 
As this agent is called upon to render 
great services in a host of cases in which 
the sulphurous acid produced by the 
direct combustion of sulphur, and with- 
out pressure, cannot be used, 
it is of importance to prevent 
to as great a degree as possible 
any leakage, and to be able 
under all circumstances to 
easily bottle, carry, handle, 

u^KL ^^^ ^PPly ^^i^ powerful dis- 
infectant. After many ex- 
periments, Dr. Victor Fatio, 
of Geneva, has succeeded in 
constructing for this purpose an appa- 
ratus that permits of quickly and 
safely charging siphons from the foun- 
tains in which the anhydrous sulphu- 
rous acid is delivered to consumers. 

Fig. 274 shows one of the siphon appa- 
ratus being charged with sulphurous 
acid from one of Pictet's metallic foun- 
tains. The specially arranged siphon is 
provided at the upper part with a tube, 
by means of which it is put in com- 
munication with the fountain through 
it bent tube. To the siphon theie is 
adapted a key which permits of opening 
and closing it before and after the in- 
troduction of the liquefied gas. Another 
key is fitted to the fountain. At the 
upper part of the device, which rises 
when the siphon is full, there U a handle 
for tightening it up. For disinfecting a 
room by means of a siphon of sulphurous 
acid, it suffices to empty some of the 
liquid into a basin and allow it to 
evaporate. By means of a rubber tube 
running through a hole in the door or 
wall, a room may be disinfected from a 
siphon placed outside. (La Nature.) - 
(c) Bode and Wimpf have designed 
a new kind of siphon, which is of great 
use for siphoning off acid, caustic or 
poisonous li(|uids. Its special feature ' 
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is due to th« fact that it is not set by | 
suction, but by blowing, so that the 
liquid to be siphoned off can never get 
into the month. Fig. 275 represent^ the 
construction. The tube D is surrounded 
by a wider one C, closed at the top, and 
provided with a ball valve B at the end 
£. On putting the apparatus into a 



and too liquor being able to enter the 
siphon, it empties itself. The siphon 
need never be removed from the liquid, 
either at the start or at the end. C. 
Gerhard, of Bonn, and the MSncheberg 
Pottery, are prepared to supply the 
siphon to the trade. It can be made of 
glass, earthenware, ebonite, rubber, and 
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Acid siphon. 




Siphon primed by blowing. 



liquid, the ball valve is raised, and the 
tu5es C and D are filled to the height 
of the surrounding liquor. If now air 
be blown into the tube H, the valve is 
closed, and the liquid being driven from C 
into D and F sets the siphon to work. 
The blowing is then discontinued and 
ri is closed. If it be desired to.interrupt 
the flow, it is only necessary to blow 
again a little stronger through H. 
The valve B is now pressed into its seat, 



metal. It is also intended to fit Woulffs 
bottles with this siphoning; arrangement, 
<ns shown in Fig. 276, for drawing oft' 
acids in the course of the manufacture. 
(Chem. Zcxt.) 

(d) When, at an elevated point in a 
meadow, there exists a spring or vein of 
water that cannot be utilised at a dis« 
tance, either because the supply is not 
sufficient; or because of the permeability 
of 'the soil, it becomes very advantage*' 
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<>Q8 to accumulate the water in a reser- 
voir, which may be emptied from time 
to time through an aperture large 
enoueh to allow the water to flow in 
abunaance over all parts of the field. 
The storing up of the water permits of 
irrigating a much greater area of land, 
and has the advantage of allowing the 
watering to be effected intermittently, 
this being better than if'it were done 
continuously. But this mode of irrigat- 
ing requires assiduous attention. It is 
necessary, in fact, when the reservoir is 
full, to go and raise the plug, wait till 
the water has flowed out, and then put 
in the plug again as accurately as pos- 
sible — a thing that it is not always easy 
to do. The work is a continuous piece 



the outlet R, where it is flxed by means 
of a piece of rubber of peculiar form 
that allows the other extremity B D E 
to revolve around the axis K, while at 
the same time keeping the outlet pipe 
hermetically closed. This rubber, whose 
lower extremity is bent back like the 
bell of a trumpet, forms a washer 
against which is applied a galvanised 
iron ring that is flxed to the mouth 
of the outlet pipe by means of 6 
small screws. This ring is provided 
with 2 studs, which engage with 2 
flexible thimbles K L, affixed to the 
siphon by 4 rivets. These studs and 
thimbles, as well as the screws, are like- 
wise galvanised. Between the branches 
A B D E of the pipe is soldered a sheet 
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of drudgery, and takes just as much the 
Longer to do in proportion as the reser- 
voir is more distant from one's dwelling. 
In order to do away with this inconveni- 
ence, Giral, of Langogne (Lozfere), has 
invented a sort of movable siphon that 
primes itself automatically, however 
small be the spring that feeds the re- 
iservoir in which it is placed. The appa- 
ratus (Fig. 277 ) consists of an elbowed 
pipe A B D E of galvanised iron, 
'whose extremity communicates with 



of galvanised iron, which forms isolaledly 
a receptacle or air-chamber F, that con- 
tains at its upper part a small aperture 
6, that remains always open, and, at its 
lower part, a copper screw-plug d and a 
galvanised hook H. In the interior of 
this chamber is arranged a small leaden 
siphon ab c whose longer leg a passes 
through the bottom, where it is soldered, 
and whose shorter one c ends in close 
proximity to the bottom. Finally, a 
galvanised iron chain G H, flxed at G to 
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the bottom of the reservoir, and pro- 
vided with a weight P of galvanised 
iron, is hooked at H to 'the siphon and 
nllows it to rise more or less, according 
as it is given a greater or less length. 
From what precedes, it will be seen that 
the outlet is entirely closed, so that, in 
order that the water may escape, it 
must pass into the pipe in the direction 
K D B A C. This granted, let us see 
how the apparatus works : In measure 
as the water rises in the reservoir, the 
siphon gradually loses weight, and its 
extremity B D H is finally lifted by the 
thrust, so that the entire affair revolves 
upon the etuds K, until the chain be- 
comes taut. The apparatus then ceases to 
rise ; but the water, ever continuing to 
rise, finally reaches the apex 6 of the 
smaller siphon, and through it enters 
the air-chamber and fills it. The equili- 
brium being thus broken, the siphon 
descends to the bottom, becomes primed, 
and empties the reservoir. When the 
level of the water in descending is at 
the height of the small siphon a 6 c, this 
latter, which is also primed, empties 
the chamber F in turn, so that, at the 
moment the large siphon loses its 
priming, the entire apparatus is in the 
same state that it was at first. In 
short, when the water enters the reser- 
voir, the siphon, movable upon its base, 
rises to the height at which it is de- 
sired that the flow shall take place. 
Being arrested at this point by the 
chain, it becomes primed and sinks, and 
the water escapes. When the water is 
exhausted, the siphon rises anew in 
order to again sink; and this goes on 
as long as the period of irrigation lasts. 
This apparatus, which is simple in its 
operation, and not very costly, is being 
employed with success for irrigating 
several meadows in the upper basin of 
the Allier. {Le Genie Civil.) 

(e) As well known, the general solu- 
tion of the problem of storing water, 
a vital question for agriculture, is 
the following: To unite all the 
sources that are not utilisable, on 
account of their too feeble discharge, in 
a reservoir of appropriate dimensions 
which is emptied one or more times in 



24 hours through a sluice of dimensions 
such that the water collected can be 
entirely distributed over the surface to 
be irrigated, in a relatively short time. 
Experience, in fact, has proved that if 
water is profitable distributed to pro- 
fusion, it is but slightly so when it 
flows in a thin stream in a trench of 
which it wets only the banks. 

Instead of having a sluice to be opened 
at definite intervals, it long ago occurred 
to some persons to make use of the ordi- 
nary siphon. It suffices, in fact, that 
the latter shall prime itself automati- 
cally in order to have a rapid and inter- 
mittent emptying of the reservoir. 
But the conditions necessary for such 
automatic priming are sometimes diffi- 
cult to carry out. The source, in fact, 
must be very regular, and have a pretty 
large discharge, larger than that of the 
siphon during the short space of time 
in which the latter, operating at first as 
a waste pipe, is upon the point of prim- 
ing itself. If this critical point is 
passed, the priming is effected and 
the reservoir is emptied by reason of 
the greater velocity that the head of 
water gives the liquid in the siphon. 

But if the source is intermittent, 
irregular, or diminishes, it may happen 
that the siphon will no longer perform 
the functions of anything but a waste 
pipe. Priming will no longer be able 
to be effected, and the abrupt emptying 
of the reservoir will no longer take 
place. 

In certain special cases, this state of 
things can be remedied by establishing 
a well of water for the reception of the 
long branch of the siphon. The over- 
flow is thus reduced and the priming 
can take place. 

This, in reality, is merely a palliative 
of a result that is so uncertain in all 
cases that it is usually preferred to 
empty the reservoir by opening a sluice 
at stated intervals. Hence an annoying 
restraint, and a very poor utilisation of 
the water at one's disposal. 

In fact, the user generally opens the 
sluice in the morning and evening. 
Between these two intervals and -at 
night, if the reservoir is full, the water 
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flows out slowly, and irrigates but a 
small surface. 

Different means have been proposed 
for obtaining an automatic discharge, 
and especially for preventing the ever 
possible neglect to manccuvre the sluice. 
At the last agricultural exhibition at 
Tulle was shown h recently devised and 
Tery simple system, the great advan- 
tage of which is the entire absence of 
any mechanism whatever subject to get 
out of order. It is a si])hon, but it has 
been so arranged by Delavallade that 
the problem is entirely solved despite 
all the difficulties enumerated. Fig. 278 

278. 




Siphon for Intermittent discharge. 

gives a general view of the apparatus 
and the manner in which it is arranged 
in the Siuice hole of a reservoir. Thus 
placed, and supported by 2 wooden 
posts, one has no longer to pay any 
Attention to it. Whatever be the irre- 
gularities in the discharge of the source, 
the siphon will never act as a waste 
pipe, and will priii^? jtsplf ^s ^ooi> as the 



desired level of water is reached in the 
reservoir. 

The latter once empty, the siphon 
will be unprimed, and wUl reprime it- 
self a few hours later. The instant i>f 
unpriming, and consequently the level 
of the water remaining in the pond, is 
fully under the control uf the farmer. 
It su.Tices, in fact, to form a series of 
apertures a in the short branch of the 
.siphon, and close them with wooden 
plugs that are removed according as it 
is desired that the water shall descend 
to such or such a level in the reservoir. 

As shown in the sections in Figs. 279, 
280, the apparatus is constructed in 
two different forms, but the principle of 
both is absolutely the same. 

The bell siphon (Fig 279) consists of a 
tube, which is inserted in the sluice 
hole and is provided at its upper part 
with a circular water reservoir A. A 
movable bell, provided with an internal 
circular diaphragm B, covers the whole 
and rests upon the tube. It is pro- 
vided with two small external reservoirs 
R R' connected by a tube t. The lower 
reservoir R' communicates with the 
interior of the bell, through small 
apertures. 

Two bent tubes T T' put the reser- 
voir R in comiTiunication with the two 
chanibers o^ formed in the bell by the 
diaphragm B. A third tube S below 
the two others starts from the reservoir 
R, traverses the bell, and hangs verti- 
cally in the interior of the central tube 
fixed in the sluice. 

Fig. 280 represents the second form 
of the apparatus. It is an ordinary 
doubly revolving siphon. The general 
arrangements are the same as those just 
described. It is to be remarked that 
the part A of the bent siphon will 
always remain full of water, like the 
reservoir A in the bell siphon. 

Let us suppose that the pond has just 
been emptied; the unprimed siphon 
will be entirely empty, except in the 
parts A. The water gradually rises in 
the reservoir, and consequently in the 
short branch of the siphon, in the 
leservoir R, through the intermedium 
pf i\ie ret^e]pvo\f JC, t^nd ii> the 3 tubes 
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water In the internal reaervoir A. I 
the chamber fl, on the contrsry, it rt 
malDB at the pressure oftheatmoaphen 
since the long branch of the siphon opec 
in the free air. It is starting from thi 
moment that the automatic priming c 
an ordinary siphon may take place, if th 
Teqniaite conditions of discharge be pi< 
sent, the air conlinad in the upper parts 
being carried along by the first jet c' 
the liquid. If such conditions are not ful 
filled, there always remains in the uppe 
part of the sip' ...... 



that 



)r the 



of which it will suffice to diminish saffi- 
cientty to produce an abrupt ascending 
molioD of the internal liqaid colnmn, 
and consequently a priming. 

Such ia the principle tn be applied, 
and the way it is done ia as foltowa : 
In consequence of the presence of a cer- 
tain Tolume of compressed air in the 
internal chamber a, the Telocity of the 



auiitiary siphon whose diam'-tcr is small 
enoagh to allow its priming to be 
always certain. It will therefore empty 
the reserroii R almost inatantaneously. 
Aa, on another hand, the latter can fill 
itself but slowly, on account of the 
small diameter of the tnbe I, there will 
occur, in order to fill the Tacunm 
formed, an abrupt draught and a put- 
ting in equilibrium (through the tubes 
T T) of the air occupying the internal 
chambers a B- At this rery moment, 
the jet of water issuing from the auxili- 
ary siphon in the central tube, or the 

long branch of the siphon, 

tion in the chamber B, a 
in the whole (a fl) ■ presanre aensiCly 
less than that of the atmosphere. Prom 
thia complete rupture of equilibrinm 
in the internal liquid and gaseous 
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of the aiphon 
itroke that effect 



esults a 



priming. From the Tery beginning, 
the remaining air is carried along by 
the liquid, with a considerable relodty, 
dependent upou the height of the water 
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in the.- pond, which latter rapidly 
empties until the apparatus is nn- 
primed. 

The system, with a few slight modi- 
fications of detail, is applicable as 
follows : 1, to the Pushing chambers in 
the sewers of large cities ; 2, to the sub- 
mersion of meadows, and in general to 
all the problems of irrigation ; 3, to the 
automatic emptying and renewing of 
the water in gurden fountain^ and in 
ponds especially set apart for piscicul- 
ture ; 4, and, finally, to the draining 
of quarries, mine holes, etc., without 
machines, provided there be a low i>oint 
for the flow. {La Nature,) 

Watebproofing (iv. 1-23). 

Boots, — (10) 1 part ozokerit in 2 
parts castor oil, and 1 part lamp-black 
added, makes an excellent application, 
as the boots will take a thin polish 
after. (11) Salad oil 1 pint, mutton 
suet 4 oz., white wax and spermaceti of 
each 1 oz., melted together, and applied 
to the boots warmed before the fire. 
(12)* Much used by fishermen: Melt 
3 oz. spermaceti in a ladle, and add | oz. 
rubber, cut into thin shavings. When 
dissolved, add i lb, tallow, 2 oz. pure 
lard, and 4 oz. amber varnish. Mix 
well, and while still warm apply with 
a brush, giving two or three coats. It 
leaves a good polish, and is preservative 
as well as being waterproof. 

JRvbber Goods, — Under ordinary con- 
ditions rubber for vulcanising is usually 
mixed with sulphur and heated to a 
high temperature, when chemical com- 
bination takes place between the sulphur 
and the rubber, producing a much more 
valuable compound for ordinary pur- 
poses than unvulcanised rubber; the 
former remaining soft at very low tem- 
peratures and firm at high tempera- 
tures, whilst the latter becomes hard and 
quite plastic respectively at those tem- 
peratures. 

In making cloth for waterproof gar- 
ments another method is employed for 
vulcanising the rubber, viz., by wetting 
its surface with a mixture of somewhere 
ftbout 5-10 parts chloride of sulphur 



diflsolred jn 100 patrts bisulphide of 
carbon, and then heating the fabric 
gently to evaporate away the excess of 
these substancea; the rubber-covered 
cloth cannot be heated to a high tem- 
perature like the rubber alone, because 
the heat would be liable to injure the 
cotton, silk, or wool of the fabric, or 
destroy or injure the colours. 

The bisulphide of carbon sofltens and 
penetrates the fine layer *of rubber, 
carrying with it the chloride of sulphur 
dissolved in it, and it is generally sup- 
posed that the chloride of fulphur 
breaks up, the sulphur combining with 
the rubber producing vulcanisation, 
and the chlorine combining with the 
hydrogen producing hydrochloric acid 
which is liberated. This reaction is 
clearly not the correct one, and it is 
probable that the reverse is more in 
accordance with the facts, viz., that the 
chlorine of. the sulphur chloride com- 
bines with the rubber producing vul- 
canisation, leaving the sulphur in the 
free state, or only partially in combina- 
tion with the rubber, because in rubber 
vulcanised by the cold process I have 
found free sulphur to be present. 

From a piece of rubber-covered cloth 
I separated the rubber, and submitted it 
to analysis, by mixing it thoroughly in 
small pieces with pure sodium carbonate 
and igniting, then dissolving the whole 
in water and adding to it peroxide of 
^hydrogen previously treated with excess 
barium chloride (to separate sulphuric of 
acid or sulphates). '1 he peroxide ensures 
the conversion of the lower oxides of 
sulphur into sulphuric acid, whilst the 
excess of barium chlorides precipitates 
the sulphuric acid in the solution, 
which is then weighed as barium sul- 
phate. 

Another portion of the made-up solu- 
tion w/is neutralised, and the chlorine 
present titrated. The rubber previous 
to ignition, as above described, had been 
well boiled in water and dried to sepa- 
rate any hydrochloric acid which might 
be present, but only a faint triune of 
chlorine compound could be thus 
separated from the rubber. 

The total sulphur present in the 
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rabber amounted to 2*60, and the 
total chlorine to 6*81 per cent. 

The yellow-coloured salphur proto- 
chloride is best adapted for ynlcanising, 
because it does not act too strongly 
upon the rubber, whilst the dark 
coloured chloride of sulphur, containing 
as it does a large quantity of the 
higher chlorides of sulphur, is liable to 
render the rubber quite hard by tuI- 
caoising it too much. The theory 
generally adopted to explain this is, 
that these higher chlorides break up 
easily, liberating their sulphur which 
thus combines in greater quantity with 
the rubber; but my experiments and 
analyses prove that it is chiefly the 
chlorine and not the sulphur of the 
chloride of sulphur which produces the 
vulcanisation. 

A rubber substitute, much used at 
present, is produced by acting on 
vegetable oils, such as rape, linseed, 
etc., with a mixture of chloride of 
sulphur and bisulphide of carbon ; the 
oil becomes converted into a solid 
substance resembling rubber to some 
extent, but being much more brittle. 
This body is now used in large quantity 
for mixing with rubber for the purpose 
of cheapening its production. On 
analysis of some samples of this 
material I have invariably found that 
it contained a much greater propor- 
tion of chlorine than of sulphur, and 
this process therefore is a vulcanisation 
by chlorine rather than by sulphur. 

Recently I analysed three samples of 
rubber substitute, the one termed 
"special" another "spongy" rubber 
substitute, the third being similar to 
the first in appearance. The first con- 
tained of sulphur 3*4 and of chlorine 
7 * 6 per cent. ; the second contained of 
sulphur 4*56 and of chlorine 8*22, and 
the third 2*67 of sulphur and 7*90 of 
chlorine per cent. 

These rubber substitutes contain 
considerable quantities of oily matters 
soluble in ether, which I have also 
found to be chlorine and sulphur com- 
pounds of the oils. The first yielded 
20*0 per cent., the second 14*3, and 
the third 11*5 per cent, of these thick 



oily matters soluble in ether. This 
oily substance from the first sample 
contained 2*6 per cent, of sulphur and 
6*1 per cent, of chlorine, whilst that 
from the second contained 2*97 and 
6 * 87 per cent, of sulphur and chlorine 
respectively. 

Some rubber manufacturers regard 
this oily matter as injurious to the 
rubber, and reject any substitute which 
contains any considerable proportion of 
it. I have found, however, by experi- 
ment that this oily compound instead 
of acting injuriously on rubber, actually 
acts as a preservative of it ; some rub- 
ber threads were smeared with this 
oily extract, some with ordinary (un- 
vulcanised) rape oil, and some left 
untreated ; these were put into an in- 
cubator at 150° F. for a few days when it 
was found that the oil-treated rubber 
was quite soft and rotten, whilst the 
other two had remained sound; after 
a few days more, the original rubber 
threads had become quite rotten, whilst 
the threads smeared with the oily part 
of the vulcanised oil remained quite 
sound. 

The first and second samples of rub- 
ber substitute were examined for 
soluble chlorides or hydrochloric acid, 
by boiling in water ; the first gave 0* 18 
per cent, of chlorine soluble in water, 
and the second * 05 per cenl. 

It has been known for some time that 
copper salts exert a most injurious 
influence on rubber. Copper salts are 
sometimes used in dyeing cloth, which 
are afterwards employed for water- 
proofing with rubber, and it seems 
quite astonishing what a small quantity 
of copper is required to harden and 
destroy the rubber, and the destructive 
effect of copper is further enhanced if 
the cloth contains oily matter in which 
the copper has dissolved. 

As an example, a piece of cloth, 
alleged to have damaged the thin coat- 
ing of rubber on it, was found to con- 
tain copper, and with a view of demon- 
strating this point, I took one piece in 
its original condition. To the end of 
this I pasted a similar piece of cloth 
from which the oi]y and greasy mattei^a 
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had been removed hj ether, and to the 
end of this again, I pasted another piece 
of the same cloth, from which I had 
remoTed both oily and greasy matters 
and copper ; these three pieces joined 
end to end into one^ were then coated 
in the usual way with rubber, and then 
hung in an incubator at 150^ F. In the 
course of a few days, ihe rubber on the 
original cloth had become soft, and it 
then hardened and became rotten and 
useless ; the second piece, from which the 
greasy matters had been removed, then 
became quite hard and rotten, whilst 
the part from which both greasy mat* 
ters and copper had been removed has 
remained in a perfectly elastic and good 
condition. 

Prof. Dewar observed accidentally, 
that metallic copper when heated to 
the temperature of boiling water in 
contact with the rubber exerted a 
destructive effect upon it. With a 
view of finding whether this was due 
to the copper per se, or to its power of 
conducting heat more rapidly to the 
rubber, I laid a sheet of rubber on a 
plate of glass, and on it placed four 
clean discs, one of copper, one of pla- 
tinum, one of zinc, and one of silver. 
After a few days in an incubator at 
150^ F. the rubber under the copper 
had become quite hard, that under the 
platinum had become slightly affected 
and hardened at different parts, whilst 
the rubber under the silver and under 
the zinc remained quite sound and 
elastic. This would infer that the pure 
metallic copper had exerted a great 
oxidising eflect on jthe rubber, the 
platinum had exerted a slight - effect, 
whilst the zinc and silver, respectively, 
had had no injurious influence on it. 
A still more curious result was this, 
that the rubber thus hardened by the 
copper contained no appreciable trace 
of copper, the copper, therefore, pre- 
sumably sets up the oxidising action in 
the rubber without its permeating it. 
(W. Thomson.) 

Woollen Goods, — ^What is asserted to 
be an effective process for waterproofing 
woollen goods has come into use among 
Germi|n mftnufacture^i, the cloth ip 



this case'gaining considerably in weifht. 
and, though perfectly waterproof, im- 
pedes neither air nor perspiration. A 
solution is made of 100 parts alum, 100 
of glue, 5 of tannin, and 2 of soluble 
glass, by dissolving alum in a moderate 
quantity of boiling water. The glue 
is steeped in cold water until it has 
absorbed twice its weight of water, and 
is then dissolved by heat ; the tannin 
and soluble glass are ^vell stirred into 
the solution of glue, to which the alum 
solution is then added, and the whole 
stirred and allowed to cool. 2 lb. of 
the gelatinous mass is boiled for 3 
hours in 3 gal. water, fresh water 
being constantly added to allow for 
evaporation* The bath is now permit- 
ted to cool to 80° C. and in this the 
material to be rendered waterproof is 
kept for \ hour, then withdrawn, and 
the moisture allowed to drip from it 
for several hours. Finally the cloth is 
stretched on a frame, and dried at a 
temperature of 50° C, then calendered. 

Glass Manipulating. 

(iii. 226-240). ' 

Breaking. — (6) In breaking a 
glass tube, e.g., a combustion-tube, a 
small scratch is made with a file at the 
required place. At each side of this 
scratch, and about 1-2 mm. away from 
it, a small roll of wet blotting-paper is 
laid round the tube. The free space 
between is then heated all round over a 
Bunsen burner, or better still, over a 
small blowpipe-flame. A clean and 
even fracture is thus obtained, exactly 
between the two rolls, without drop- 
ping water on the hot glass. The rolls 
are made by cutting two strips of 
filter-paper, sufflciently large to form 
rolls 1-2 mm. high, and 2-4 cm. wide. 
The strips are folded once, lengthways, 
laid on the table, moistened, flattened 
out, and then wrapped on to the tube, 
so that the fold lies nearest the file- 
scratch, and fold lies accurately upon 
fold in the successive layers. The thick- 
ness of the rolls, and their distance 
apart, has, of course, to be varied, ac- 
cording to tho diametef pf the tubes. 
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.Equally good resulta are obtained with 
the thinnest test-tubes, the thickest 
combustion-tubes, beakers, flasks, and 
glass bell-jars. In those cases, where 
the sides are slanting, as, for instance, 
with funnels, an obvious alteration in 
the construction of the paper rolls need 
only be carried out. {Analyst,) 

Cutting^. — (3) To cut glass jars, 
fill the jar with lard-oil to where you 
want to cut the jar ; then heat an iron 
rod or bar to red heat, immerse it in the 
oil ; the unequal expansion will crack 
the jar all round at the surface of the 
oil, and you can lift off the top part. 

(4) The following is said to be an 
easy way of cutting glass bottles, car- 
boys, &c., into hand-lights. Pass 5 or 
6 strands of coarse packing twine round 
the bottle on each side of where you 
want it divided, so as to form a groove 
about -^-in. wide ; in this groove pass 
one turn of a piece of hard-laid white 
line, and extend the two ends, and 
make them fast to some support ; then 
have a tub of cold water close to you, 
and, grasping the bottle by the neck 
with one hand, and the bottom with 
another, saw the bottle quickly back- 
wards and forwards for a short time ; 
you will soon notice a burning smell 
caused by the friction of the hard cord. 
After about one minute's friction, by a 
side motion of the bottle, throw it out 
of the line into the water, and then tap 
against the side of the tub, when the 
bottom will drop off. Carboys can be 
cut as easily, but being larger, they 
require two persons to see-saw them 
bacic wards and forwards. The line of 
.twine to form the groove must be put 
on quite tight, and then wetted to 
tighten more, so as not to shift ; but 
let the groove and stout cord be dry. 
The cutting cord should not be less 
than ^-in. thick ; the edge of the glass 
after cutting, should be rubbed on a 
grindstone, as it is very sharp. 

(5) If a bottle is to be cut into two 
pieces, a notch is Bled in its side. Then, 
by applying a hot iron or glass rod, 
first on one side then on the other of 
the notch, a smooth crack }-in. long 
will sometimes form. But as this does 



not always take place, and, i^ in Cut{^ 
ting glass only one of the pieces ia 
wanted, a crack may be started well 
away from the desired place. Assum- 
ing such a crack to be formed, it may 
be led in any direction by slowly 
moving in advance of it, and in contact 
with the glass, the end of a pipestem, 
of an iron or a glass rod, heated to a 
full red heat. The speed with which 
the rod is to be moved depends on the 
crack. It should be kept about } in. 
in advance thereof, and should be 
moved continually away from the end, 
as the crack extends itself. In thb 
way a flask can be cut into a spiral, or 
heavy plate glass divided with fair 
accuracy. 

The great point is to have the line of 
the cut well marked. If a bottle is to 
be cut off, to make a battery jar for 
instance, a string tied or a rubber band 
sprung around it about } in. from the 
place of division foi*ms a convenient 
guide. The cut may be c irried around 
parallel with the string or band. Then 
a half-hour's grinding on a horizontal 
pane of glass, with sand, camphor, and 
turpentine, will flnish the edge per- 
fectly. In marking the place for cut- 
ting, a pointed piece of 901^ may be 
used, as a string can only be employed 
on cylindrical objects. This method of 
working is attended with one incon- 
venience. Unless a rod of large size is 
used, continual reheating is necessary. 
A glass rod as thick as a penholder will 
carry a cut about 2 in. at a heat. A 
pipestem or ten penny nail will do the 
same. To obviate waiting, several rods 
may be used, some heating while one is 
in use. 

A fine gas jet, burning from a fine 
glass jet at the end of a rubber tube, 
has also been suggested, but is incon- 
venient. Little carbon pencils, that 
burn with flameless incandescence, 
may be used instead of a heated rod. 
These, however, are troublesome to 
make. 

The use of what is sold by the fire- 
works dealers under the name of punk 
was suggested by a consideration of the 
points given t^bove* This substfVQCe 
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bums slowly, without flame, and main- 
tains a strong incandescence until quite 
consumed. The incandescent part takes 
the shape of a cone, like a sharpened 
pencil. As long as the piece lasts, its 
burning end maintains this form. By 
blowing upon it the heat can be 
materially increased. On trial, it was 
found to cut glass perfectly. The only 
objection to it is that if rubbed against 
the glass the ash soils its surface, so 
that the progress of the crack cannot 
be conveniently watched. But in 
practice it is not necessary to hold it in 
contact with the glass, as it radiates 
heat enough to lead the crack, if held 
very close and not in absolute contact 
therewith. 

By using punk the trouble of shift- 
ing from rod to rod and the necessity of 
a source of high heat, a Bunsen burner 
generally, is obviated. The punk can 
be lighted with a candle, or even with 
a match, and is ready for use im- 
mediately. A long stick will last for } 
hour, enough to do a great deal of work. 
The only difficulty is in starting the 
crack. It may be done by heating the 
glass, and touching it with a drop of 
water. This generally starts several, 
and the one pointing in the most con- 
venient direction may be chosen, and 
carried where desired. The method 
flrst spoken of as applicable to bottles, 
that of filing a notch and heating the 
glass first on one side and then on the 
other, cannot be depended on. (S. T.) 

Drilling. — (5) Glass may be readily 
drilled by using a steel drill hardened, 
but not drawn at all, wet with spirits 
of turpentine. Run the drill fast and 
feed light. Grind the drill with a long 
point and plenty of clearance, and no 
difficulty will be experienced. The 
operation will be more speedy if the 
turpentine be saturated with camphor. 
With a hard tool thus lubricated glass 
can be drilled with small holes, say up 
to -J^ in., about as rapidly as cast steel. 
A breast or row drill may be used, care 
being taken to hold the stock steady, so 
as not to break the drill. 

(6) To file glass, take a 12 in. mill 
file, single cut, and wet it with the 



above solution — turpentine saturated 
with camphor — and the work can be 
shaped -as easily and almost as fast as if 
the material were brass. 

(7) To turn in a lathe, put a file in 
the tool stock and .wet with turpentine 
and camphor as before. To square up 
glass tubes, put them on a hard wood 
mandrel, made by driving iron rod with 
centres through a block of cherry, 
chestnut, or soft maple, and use the flat 
of a single cut file in the tool post, wet 
as befd'e. Run slow. Large holes may 
be rapidly cut by a tube-shaped steel 
tool cut like a file on the angular sur- 
face, or with fine teeth, after the 
manner of a rose bit ; great care being 
necessary, of course, to back up the 
glass fairly with lead plates or other- 
wise to prevent breakage from unequal 
pressure. This tool does not require an 
extremely fast motion. Lubricated as 
before, neat jobs of boring and fitting 
glass may be made by these simple 
means. The whole secret is in good 
high steel, worked low, tempered high, 
and wet with turpentine standing on 
camphor. 

(8) The method usually recommended 
for boring a hole of considerable size in 
glass is by means of a copper tube fed 
with emery and turpentine. This may 
answer better in a vertical drilling 
machine than in the lathe, but amateurs 
who are not ordinarily happy enough 
to possess the former appliance, will 
usually employ the lathe, wherein it 
does not prove a very satisfactory pro- 
cess, being difficult to manage, horribly 
dirty, and exceedingly slow. The pres- 
sure necessary also causes a piece to be 
punched out with chipping of the edges 
of the hole at the back before the drill- 
tube goes clean through. 

It is, of course, quite easy to drill 
small holes in glass by means of a 
properly hardened spear-pointed steel 
drill running at 100-200 revolutions per 
minute, and having to bore some 1 in. 
holes in discs of plate-glass 3 in. 
diameter, I thought it worth while to 
try what could be done with a steel 
tool. After several trials this finally 
assumed the form of a square-ended bar 
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ground flat on one end, so as to have 4 
working edges, and as a graver tool on 
the other, for clearing out the circam- 
ference of the hole as it progresses, and 
made very hard by getting, as the smiths 
say, ♦* all the water." 

A couple of the discs were fixed 
together with turners' cement, and fixed 
centrally on a wooden face-plate by the 
same means. When cold, the square* 
nosed tool, held at an angle of 45^ to the 
horizontal, point downwards over the 
T-rest, had one of its edges pressed 
firmly against the revolving glass. The 
lathe was driven at about 60 per minute, 
and the work lubricated by just dipping 
the tool occasionally in turpentine. Too 
much turpentine flowing over the work 
does not answer. The action is not 
exactly a cutting one, but seems rather 
a kind of local breaking up of the glass 
immediately under the edge of the tool, 
which goes on evenly after the finest 
edge of the tool is lost, and is apparently 
the same as that which occurs in using 
the small drills for glass. 

The hole, however, went merrily and 
cleanly through the outside plate with- 
out any considerable chipping at either 
surface. The graver point was used 
when necessary to keep the sides of the 
hole parallel. When, however, the 
outer plate was wedged off by the 
insertion of a knife blade, and the 
second proceeded with, some chipping 
occurred at the inside surface, since the 
wood backing did not give a suflicieatly 
solid support. For this the remedy is 
easy and obvious. (J. Brown.) 

(9) To make a small hole in a plate 
of glass is a comparatively simple 
matter. All that is required to do it is 
a very hard, sharp drill, some means 
for turning it, and a lubricant, such as 
turpentine, for causing the drill to cut 
rapidly. A drill made in the usual form 
from steel wire and hardened by heating 
it until it is dark red and then plunging 
it in mercury, will be very hard, but 
not tough. Before the drill is heated it 
should be driven into a block of lead, so 
that its point will just be enclosed by 
the lead, and after the drill has been 
hardened in the mercury its point 



should be inserted in the indentation in 
the lead, and the temper of the shank 
of the drill should be drawn over a 
lamp or gas flame to a blue. The lead 
prevents the drill point from becoming 
heated sufliciently to draw the temper, 
by conducting the heat aWay as fast as 
it arrives at the point. When the shank 
of the drill becomes blue to within a 
short distance of the lead, the drill, 
together with the lead, should be 
plunged into cool water. 

The drill prepared in this way should 
be wet with turpentine while in use, to 
cause it to *'take hold." It is advis- 
able to drill from opposite sides of the 
glass whenever this is possible. The 
hole may be enlarged by means of a 
sharp round file wet with turpentine. 
When larger holes are required, these 
can not conveniently be made with a 
drill. A copper or brass tube charged 
with emery and water or emery and 
turpentine, and rotated in contact with 
the glass, will soon cut a hole a little 
larger than the tube. 

Simple ways of guiding and revolv- 
ing the tube are shown in Fig. 281. The 
glass to be drilled, which may be the 
plate of an electrical machine for 
example, is placed upon a table with a 
few thicknesses of paper underneath its 
centre. Two blocks are placed on the 
table at diametrically opposite edges of 
the disc and a thick bar of wood, which 
is bored at the centre to receive. the 
copper or brass tube, is placed upon the 
blocks and clamped firmly to the table. 
The glass plate is arranged so that its 
axis coincides with that of the hole in 
the bar. The plate is then clamped in 
place by gently inserting two wooden 
wedges between the wooden bar and 
the glass. 

The tube by which the cutting is 
done is stopped by a wooden plug at 
the middle of its length, and in the 
upper part is inserted a soft rubber 
stopper which rests upon the wooden 
plug, also a piece of heavy rubber 
tubing which rests upon the stopper. 
In the rubber tube is inserted one end 
of a close-fitting metal shank, the other 
end of which is fitted to an ordinary 



eLASs uitdMjLA'riNa. 



817 



drill stock. This an-Hngement piaTides 
for n certain Bmount of Sexibilitr in 
the connection betireen the tube nnd 
the drill stock. The tube is revolved 
by the gearing of the drill >tock whila 
it is auppHcd with a mitture oF No. 4 
emery nnd water or emery and turpen- 
tine, 'llie pressure on the drill stock 
should be ligbt. and the tube must be 
lifled frcifiien'-ly to sJlow a fresh 



ways, and may eventunlly come to re- 
place, at least in part, engiaring by 

well-known hydrofluoric acid method. 

The apparatus used is rery .simple, 

and is shown in Fig. 282. Well-dried 

:ylindrical 



isel u 



a flow i 




supply of emery to 'reach the lurlkce 
being cut. This derire makn a hole 
in the glass in a abort lime. 

If a larger aperture is desired, the 
i;1as9 ii tirat drilled in the manner 
described, and enlarged by careful cBt- 
tiog with a diamond. {Scimt, Amer.) 

fitching, — (3) The process here 
described consists in corroding glass by 
violently projecting sand upon Its sur- 
ftice by means of a current of air or 
■team. It is very ptobaUe that it will 
be found of service in a great Tariety of 



Etf bins gtss*. 

altered nt will, so ns to regulate the 
fall of the sand. The tube conveying 

just nbove this spout, in a noiile con- 
taining a aeries of Roe holes. The 
sand, urged on by the jet, is thrown 
Tiolently against the glasa plate e, or 
other body placed within its range, and 
thus eierta a corroding action. By 
varying the quantity of the sand, the 
Tolnme and velocity of the current, as 
well aa the diameter of the jet, more oi 
less rapid efEects are produced. 
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Bodies much harder than glass have 
been submitted to the action of sand 
thus thrown forcibly against their sur- 
face, and have been as rapidly worn 
away. In a series of experiments 
recently conducted in New York, a hole 
3 cm. diameter was drilled through a 
block of corundum in 25 minutes, a 
pressure of 300 lb. being used. With a 
pressure of 100 lb., a hole 3 cm. 
diameter and 8 mm. depth was formed 
in a steel file in 3 minutes. The 
weight of a diamond was sensibly 
diminished in a minute, and a topaz 
utterly destroyed. 

In engraying on glass very little 
pressure is needed, the current from 
the bellows of an enameller*s lamp 
being quite sufficient. In this way the 
divlsious on graduated tubes, the labels 
on bottles, &c., can easily be engraved 
in laboratories with but little trouble. 

The portions of the glass which are 
to remain clear are covered with paper, 
or with an elastic varnish, these sub- 
stances being sufficiently exempt from 
the corroding action of the sand. 

(4) A. Miiller Jacobs has .lately 
described a photome(ihanical process for 
. etching on glass which possesses several 
' novel features. The inventor has pre- 
viously shown that certain resinate 
colours are sensitive to light, and, after 
exposure to light, the dye stuff becomes 
soluble in alcohol or other solvent. 
The sensitive resinate is made as 
follows : — 

Colophony .. ,, 100 grm. 
Caustic soda .. 10 „ 
Crystals sodium 

carbonate .. 33 „ 

Water 1000 cc; 

The mixture is boiled for 2 hours with 
1000 cc. water, and is then mixed with 
500 cc of a hot solution of 7*5 grm. 
methyl violet 3 B (methyl green, 
chysoldine, magenta, &c.); 60 grm. 
magnesium sulphate are now gradually 
stirred into the solution, and the pre- 
cipitated colour is washed and dried at 
60° C. The sensitive film is prepared 
from these resinate colours by dissolv- 
ing a mixture of 20 grm. resinate 
violet, 8 grm. resinate green, 8 grm. of 



th€ chysoldine, and 4 grm. of the ma* 
genta in 130 cc. pure benzene and 70 cc. 
chloroform. This solution is then 
mixed with 120 cc. of a caoutchouc 
solution (50 grm. caoutchouc, digested 
with 4000 grm. carbon bisulphide, heated 
on a water bath until half the bisul-* 
phide has distilled off, then benzene 
added to make the total weight 3333 
grm.) After standing for a few days 
the solution is filtered through cotton 
wool, and kept in the dark for use. 
The plates can be either of metal or 
glass, and are coated with this mixture, 
dried, and exposed to light under the 
negative which is to be reproduced. 
The time of exposure varies from J to 3 
hours, depending on the intensity of 
light and the relative amounts of green 
and red dyestuffs in the resinate colour 
used. The exposed plate is kept in a 
cool, dark place until ready for de- 
veloping. This process consists in im- 
mersing the plate in a solution of 1 
part benzene and 3 parts turpentine. 
After the solution of the soluble 
colours, the plate is washed in petro- 
leum spirit and made ready for the 
etching process. For matt etching on 
glass the author recommends fuming 
hydrofluoric acid containing 10 per 
cent, of water. (Industries,) 

(5) Comparatively cheap etching 
solutions can be prepared, which are 
equal in effect to the expensive fluorine 
salts. 

I. Two solutions are first prepared, 
(a) consisting of 10 grm. soda in 20 
grm. warm water, (6) consisting of 
10 grm. potassium carbonate in 20 grm. 
warm water. Solutions (a) and (6) are 
now mixed, and to the- mixture is added 
20 grm. concentrated hydrofluoric acid, 
and afterwards a solution (c) consisting 
of 10 grm. potassium sulphate in 10 
grm. water is added. 

II. Mix 4 cc water, 1^ grm. potas- 
sium carbonate, 0*5 cc dilute hydro- 
fluoric acid, 0*5 cc. hydrochloric acid, 
and 0'5 cc potassium sulphate. Tht^ 
mixture is treated with hydrofluoric 
acid and carbonate of potassium until it 
produces the required degree of opacitjj^ 
on being tried upon a piece of glass, ; 
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• The addition of a small quantity of 
hydrofluoric acid to solution I. brings 
a^out a fine granulated appearance on 
the surface. {Lainer.) 

(6) A still simpler process than 
either of these has been invented by 
Kani])manD, In preparing an opaque 
etching fluid Kampniann uses a wooden 
vessel, the iron fittings of which are 
protected from the corrosive action of 
the acid fumes by a layer of as- 
phaltous material. This vessel is filled 
to about ^ its contents with strong 
hydrofluoric acid, which is then par- 
tially neutralised by cautiously and 
gradually adding some crystals of soda ; 
more soda is added, and the mixture is 
stirred with a small wooden rod. The 
point at which the neutralisation of the 
acid should cease is indicated by the 
mixture frothing and becoming suffi- 
ciently viscid to adhere to the stirring 
rod. It is*, perhaps, scarcely necessary 
to say that the ap id fumes are highly 
injurious, and that this process should 
be carried on in the open air, in order 
to allow the vapour to^ pass rapidly 
away. The most hygienic and satisfac- 
tory process of all would be to carry 
on the operation in a *' draught cup- 
board." 

The contents of this wooden vessel 
now consist of sodium fluoride and the 
unneutral ised hydrofluoric acid. This 
mixture is transferred to a wooden tub 
and diluted with 5-10 times its volume 
of water, according to the degree of 
dilution desired. It is objectionable to 
use the mixture in a too highly concen- 
trated condition, for then the etched 
surface of the glass is irregular, coarse- 
grained, and apparently strewn with 
tiny crystals; if, on the other hand, 
the dilution is top extreme, the etched 
surfaces will be transparent Instead of 
opaque. Either of these two conditions 
of the etching fluid can easily be reme- 
died, for if it be too strong water must 
be added, and if too weak, a small 
quantity of hydrofluoric acid partially 
neutralised with soda. A good recipe 
for preparing a small quantity of this 
etching fluid is the following ; 240 <i.c, 
commercial hydrofluoric acid, ^00 grm. , 



powdered crystallised soda, 100 *c.c.' 
water. 

These etching fluids are best used by 
taking the following precautions. The 
glass is first thoroughly cleansed from 
all impurities, and is then provided 
with a rim of wax composed of the 
following ingredient : — Beeswax, tallow, 
colophony, and powdered asphalte, 
kneaded together. The rim prevents 
the acid fiom spreading over those parts 
of the surface which it is not desired to 
etch. The glass is then etched for a 
few minutes with an ordinary etching 
solution (H.F. — 1 : 10) which is then 
poured off, the surface being afterwards 
washed with water and wiped as dry 
as possible with a piece of sponge. The 
surface is then ready for the opaque 
etching fluid, which is poured on till 
it forms a thick layer. The operation 
is allowed to progress for one hour, 
when 4;he liquid is poured away and 
the surface washed with water. Water 
is further allowed to stand on the glass 
until a thin film of silicate is observed 
to form ; the film is then brushed off, 
the surface is finally cleansed with 
water, and the wax is removed. 

By varying the action of this opaque 
etching fluid or paste, various degrees 
of opacity may be produced, and if the 
opacity be greater than that which is 
desired, the surface can be cleared to 
any extent by using the etching solu- 
tion of hydrofluoric acid. 

Frosting.— (6) Verre Givre, or 
hoar-frost glass, an article now made in 
Paris, is so called from the pattern 
upon it, which resembles the feathery 
forms traced by frost on the inside oi 
the windows in cold weather; The 
process of making the glass is as fol- 
lows : — The surface is first ground 
either by the sand blast or the ordinary 
method, and is then covered with soft 
varnish. On being dried, either in the 
sun or by artificial heat, the varnish 
contracts strongly, taking with it the 
particles of glass to which it adheres ; 
and as the contraction takes place along 
definite lines, the pattern produced by 
the removal of the • particles <^f glass 
resembles very closely the brailchiag 
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crystals of frostwork. A single coat 
gires a small, delicate effect,- while a 
thick film, foimed by putting on two, 
three, or more coats, contracts so 
strongly as to produce a large, bold 
desis^. By using coloured glas% a 
pattern in half-tint may be made on 
the coloured ground, and after deco- 
rating white glass the back may be 
silvered or gilded. 

Powdering^. — ^Powdered glass is 
frequently used instead of paper, cloth, 
cotton or sand for filtering varnishes, 
acids, &c. It is not soluble or corro- 
dible. Sand, if purely silicions, would 
be better, but such sand is difficult to 
get ; it too often contains matters 
which are easily corroded or dissolved. 
Powdered glass when glued to paper is 
also used for polishing wood and other 
materials. It cuts rapidly and cleanly, 
and is better than sand for most pur- 
poses. Glass' is easily pulverised after 
being heated red hot and plunged into 
cold water. It cracks in every direction, 
becomes hard and brittle, and breaks 
with keenly cutting edges. After being 
pounded in a mortar it may be divided 
into powders of different degrees of 
fineness by being sifted through lawn 
sieves. 

Stoppers, fitting.— Very few 
stoppers properly fit the bottles for 
which they are intended. The stoppers 
and bottles are ground with copper 
cones, fed with sand and made to re- 
volve rapidly in a lathe, and the 
common stock are not specially fitted. 
To fit a stopper to a bottle that has not 
been groiind, use emery or coarse sand 
kept constantly wet with water, and 
replaced with fresh as fast as it is 
reduced to powder. When all the 
surface has become equally rough, it 
is considered a sign that the glass has 
been ground to the proper shape, as 
until that time the projecting parts 
only show traces of erosion. This is 
the longest and hardest part of the 
work, as after that the glass simply 
needs finishing and polishing. For 
that purpose emery only can be nsed, 
owing to the fact that the material can 
be obtained of any degree of fineness, in 



this respect differing from sand. Other- 
wise the operation is the same as before, 
the emery being always kept moistened, 
and replaced when worn out. The 
grinding is continued until both the 
neck of the bottle and the stopper 
acquire a uniform finish, of a moderate 
degree of smoothness, and until the 
stopper fits so accurately that no shake 
can be felt in it, even though it be not 
twisted in tightly. 

Tubes, sealine^.-^To seal tubes 
hermetically ' after gases have been 
admitted under pressure, the. following 
arrangement was employed with com- 
plete success : — ^The experimental tube 
A is joined to a T-piece B, the lateral 
limb of which is constructed, as shown 
in Fig. 283; a glass plug D is ground 
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Sealing glass tubes. 

into the tube at E, and serves the pur- 
pose of a valve opening inward. When 
gas under pressure is allowed to enter 
the tube at 6, the valve opens, but on 
removing the pressure from without it 
at once closes ; the escape of gas from 
A is thus prevented, and the tube may 
be sealed before the blowpipe at H. 
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When the tube contains a liquid, the 
plug should be moistened with it ; this 
will prevent the escape of gas while 
the tube is being sealed, even though 
the plug does not fit very accurately. 
In the absence of any liquid, greater 
care in grinding the plug is required. 
The tube F serves for the <id mission of 
liquid into .the experimental tube in the 
first instance; it is then closed, and at 
the end of the experiment it is opened 
and the contents of the tube are re- 
moved. The rest of the apparatus is 
thus kept intact, and may be used 
repeatedly, especially if the tube at H 
is fairly long. (A. Bichardson, in 
Chem. News,) 

Modelling and Plaster 
Casting. 

KCodelling^ In some plastic material 
is the first step in learning to execute 
work in more solid materials, such as 
wood and stone. With. a plastic sub- 
stance, such as clay, it is possible to 
correct errors and introduce improve- 
ments while the design is in course of 
development, and various ideas can be 
worked out easily and rapidly in a 
preliminary manner which will indicate 
very faithfully what the effect would be 
in wood or marble, papier mach^ or 
leather. Moreover, when proper clay 
is used, the model itself may be baked 
and rendered permanent. 

The Workshop. — The room or work- 
shop where modelling is to be carried 
on should be reserved for that purpose, 
or a portion of a room may be so used. 
The iloor should either be bare boards 
or covered with oilcloth. Under a 
window should stand a firm table, with 
the light falling on it either in front or 
on the left side. Thi^ table will be 
sui*mounted by a slate or stone slab, or 
by a wooden stand on which the clay is 
manipulated. A slab is preferable to 
wood, as being unaffected by the mois- 
ture exuding from the clay. When 
a wooden stand is used, it may take 
the form shown in Fig. 284. This is 
made of oi*dinary deal, the sides being 
well clamped to ensure rigidity, and a 
5 



couple of coats of paint or varnish 
being applied all over as a preservative. 
The working face a will be much im- 
proved by laying a piece of school slat^ 
over it. The dimensions of a must in 
some measure depend on the work in 
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Modelling stand. 

hand, but about 2 ft. from side to side, 
and 1^ ft. from top to bottom edge are 
average figures. The height above the 
floor should be such that the work to 
be modelled comes level with the work- 
man's face, standing. A handy accessory 
to the modelling stand is a miniature 
turn-table carrying the slate; a piece 
of board with a pin attached to the 
back, fitting into the hole in a will 
answer the purpose, and greatly facili- 
tates getting at all sides of the object 
under treatment; but it has this dis- 
advantage, that a certain degree of 
instability is introduced ; slate on the 
modelling stand may be replaced by 
covering the latter with sheet lead or 
zinc, anything in fact which will not 
absorb moisture. 

The Matenal^(a) Pottery Clay.— 
Many workmen employ ordinary blue 
clay such as is used for making earthen- 
ware, and commonly known as kaolin. 
This may be purchased at the places 
where it is dug, in Dorset, Devon, 
Cornwall, &c., or from potters in any 
part of the kingdom. In large quan- 
tities it costs about 3/. a ton ; in lesser 
parcels about 4-5«. a cwt., and in still 
smaller about Id. a lb. But not less 
than \ cwt. is of any service, as its 
weight is disproportionately greater 
than its bulk. In quality it should be 
as pure as possible, not gritty, and 
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capable of being freely worked. Colour 
is no guide, being due to the presence 
or absence of a small proportion of iron, 
and varying accordingly from a reddish- 
brown to a pale-grey tint. When pur- 
•ehased from dealers at 'about 10s. a 
cwt. it should be in a fit state for use ; 
but when bought at the pit or from the 
potter it will be in the rough state, and 
must undergo a refining process before 
application. 

This refining process consists in very 
carefully cutting the mass up by means 
of wires fitted in handles, which will 
reveal the presence of any coarse or 
gritty particles. Or it may be sub- 
jected to a thorough beating with an 
iron bar, all foreign matters being 
picked out as discovered. This must 
be followed by a kneading process, 
whereby its consistency is rendered 
suitable and homogeneous. Suitability 
in this case means somewhat softer than 
putty, so that it can be freely and 
readily worked and foiTiied by the 
fingers. If it becomes too soft, this 
.can be remedied by leaving it open to 
the air for awhile, when it soon loses 
part of its moisture ; if too dry, it 
must be broken up in water and re- 
kneaded, unless adding a little water 
and folding a wet cloth round it will 
suffice, as it sometimes does. The 
addition of a little fine sand well in- 
corporated with the mass facilitates the 
working, especially in large objects. 

Having worked the clay into good 
condition, the next thing is to keep it 
so, which simply means preventing it 
from drying. Nothing answers the 
purpose better than a glazed earthen- 
ware pan of a capacity of 6-7 gal., 
which can be furnished with a wooden 
cover, and at the bottom of which a 
little water is put. Here the clay will 
remain soft for many weeks. Even 
when not in use, clay should never be 
allowed to get quite dry, but always 
put in the pan with water and worked 
up. The more it is used the better it 
becomes, getting seasoned as it were. 
As soon as a model is done with it 
should be broken down into walnut- 
sized pieces, very carefully examined 



for possible impurities, and put to soak 
at once. The same rules as to moisture 
hold good in the unfinished or finished 
model as in the original clay. Without 
application of moisture the clay will 
quickly dry, the sequel to which is 
shrinkage and cracks. The remedy is 
to occasionally sprinkle the model with 
water from a brush or spray-bottle 
while at work on it, and tx> always 
keep it surrounded by a moist envelope 
when not at work on it. This envelope 
usually takes the form of calico next 
the model, and coarser more absorbent 
cloths outside ; and when it is desi- 
rable not to allow contact between the 
envelope and the model, the latter is 
protected by a slight wooden frame- 
work, or by inserting little sticks into 
the model where they can do no harm, 
and holding the cloths off by their 
projecting ends. As an extra pre- 
caution, a waterproof material may 
form an outside covering as it will 
more effectually prevent evaporation. 
Changes of temperature should be 
guarded against, and- especially ex- 
tremes whether of heat or cold. 

(6) Pipeclay. — Much the same con- 
ditions apply to pipeclay as to china 
clay. It may be obtained of plasterers 
and pipemakers, the latter being less 
likely to contain fragments of plaster of 
Paris, for which it must be carefully 
examined. 

The Tools. — The tools required are 
of the simplest description and may all 
be made at home, or purchased from 
edge-tool dealers. Those made from any 
hard close-grained wood such as pear, 
are just as good as more expensive 
articles in bone or ivory. Fig. 285 is 
a chisel-shaped tool with a bent point ; 
Fig. 286, a fiat blade with one edge 
smooth and the other serrated; Fig. 
287, a double spoon-shaped or bent 
spatula ; Fig. 288, a combined sword- 
blade and pointed spoon ; Fig. 289, an 
oblique chisel edge and sharply curved 
spoon bowl ; Figs. 290, 291, flat bowls 
for roughing out ; Fig. 292, a com- 
bined bent point and toothed blade; 
Fig. 293, a wire tool; Fig. 294, a 
toothed rake of brass wire, which may 
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be in several sizes, from } in. to 3 
in. across the edge a. Fig. 295 a 
handled blade of flattened brass 'wire. 
All the wooden tools can be easily cut 
out of pearwood with a pocket knife, 
and finished with a rasp and fine sand 
paper. They are mainly destined to re- 
place the modeller's thumb where that 
cannot be used, and the chief thing to 
guard against is the occurrence of points 
or sharp edges. A few odd pieces of 
pearwood at hand will always enable the 
modeller to cut a new tool for any par- 
ticular piece of work in hand. The 
simplest is the best. Other necessaries 
will be a serrated straight-edge about 
18 in. long for smoothing backgrounds, 
a fine sponge, a plummet, a pair of 
callipers which will embrace the 
shoulders, and a pair o.f compasses. 

The Operation, — Select a very simple 
image on which to try your prentice 
hand. Place it at a convenient height 
level with the modelling table. Pre- 
pare a foundation of the necessary 
thickness, taking great care to work it 
into a uniform and coherent mass. 
Level it true with the straight-edge, 
and place temporary strips of wood at 
the sides, as a guide. From the mass 
carve away very gradually, by a scraping 
motion, from the necessary pai*ts so as 
to create a broad general resemblance 
to the selected object, always avoiding 
taking away too much, and frequently 
checking dimensions by the compasses 
and callipers. It will only be after 
some practice that the eye will be able to 
grasp the essential features, and detailed 
work should not be attempted till suc- 
cess attends the efforts made in bolder 
subjects. The most important point is 
to so work that the whole operation 
shall consist in cutting away, and avoid 
having to build up. Added portions 
will rarely have exactly the same consis- 
tence as the body, and unless very care- 
fully attached will be insecure. Solid 
objects, such as animal images, busts, 
&c., will be the easiest to commence on. 
Foliage and articles of fine texture are 
much more difficult to imitate. 

The first step in laying the foundation 
is to accurately sketch the outline of 



the proposed object on the modelling 
board, by means of pencil or crayon. 
Commence with clay that is fully soft, 
and always avoid retaining it too long 
in the hand, as it thereby soon dries and 
loses its cohesion. Work the clay into 
little rolls and lay it on by holding the 
roll in one hand and pressing the clay 
into place with the other. The chisel- 
shaped tool is employed to keep the 
clay correctly to the pattern, and the 
greatest care must be exercised to press 
it perfectly down and prevent any air 
bubbles or other impediments to absolute 
adhesion between clay and board. The 
foundation must be finished all over 
before any building up is attempted. 
This refers, of course, to flat work, such 
as panels, which are afterwards to be 
copied in wood. When making additions, 
it is very essential that both surfaces to 
be joined should be somewhat softer than 
the bulk. 

Modelling in Wax is better adapted 
for small objects. The materia] consists 
of wax slightly coloured by the addition 
of a pigment and somewhat softened by 
a solvent. A good recipe is said to be : 
200 parts clear wax, 26 Venice turpen- 
tine, 13 lard, and 145 precipitated bole, 
mixed and well kneaded in water. But 
many prefer to purchase prepared wax 
from an artists' colourman. The tools 
used are the same as for clay, but 
smaller, blunter, and generally of bone. 
The operation consists in building up 
rather than cutting down ; and the 
chief precaution is to keep the tool 
moistened with water to prevent adhe- 
sion. Considerable practice with clay is 
a good preliminary to trying wax. 

Plaster Casting. — (1) The model (of 
clay or otherwise) is first covered with 
a layer of good plaster of Paiis mixed, 
or ** gauged," as plasterers call it, to the 
consistence of batter, and coloured with 
a little red or yellow ochre. This layer 
should average about } in. thick. It 
is best applied with the pewter or metal 
spoon used to mix the plaster with. 
The plaster is mixed in a basin half full 
of water, into which it is sprinkled by 
the hand, as oatmeal is sprinkled in 
making stirabout; when the plaster 
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reaches the surface of the water, it is 
about sufficient, but experience soon 
teaches the right proportion. The 
mixed plaster can be jerlced hj a dex- 
terous twist of the spoon into the deep 
undercut places, and care must be 
taken not to inclose bubbles of nir. 
A practical moulder woull place the 
clay slab in a vertical position, as he 
would see the process of his woric better. 
A large model would require several 
mixings of plaster, as when the plaster 
begins to set or harden, it is useless for 
moulding. When the first coloured coat 
of plaster is hardened, a wash of clay- 
water should be applied nearly all over 
it, and the second coating, which may be 
of coarser stuff, put on to the thickness 
of about 1 in. If the mould is very 
large, some strips of iron nail rod, J in. 
square, may be imbedded in the back of 
the mould to prevent warping. When 
the mould is set hard, it must be turned 
over, and the clay picked out. If the 
work has been modelled on a board or 
slate, or best of all, oh a plaster slab, it 
may be necessary to pass a wire between 
the clay and the board to separate them. 
When the mould has been well cleaned 
and washed with a soft brush, it should 
be soaked in a tub of water until quite 
saturated through and through, drained, 
but not wiped, and a sufficient quantity 
of superfine plaster, carefully mixed, 
poured into it, and, by moving the 
mould about, carefully distributed all 
over. Thii may be backed with coarser 
plaster, and strengthened with iron 
rods, which in this case should be 
painted or coated with a varnish of rosin 
and tallow. When the cast is set hard, 
the most difficult part, called *• knocking 
out," beginii. A light mallet and a 
carpenters* firmer chisel, by a few 
dexterous strokes applied upon the edge, 
will separate the coarse outer backing 
of the mould, prevented from the wash 
of clay water from adhering to the first 
coloured layer. The cast should then 
be placed upon a soft elastic bed — an 
empty sack folded is as good as any — 
and by gentle taps, holding the chisel 
pcrpemlicularly or nearly so, to the face 
of the work, the coloured plaster may 



be snapped off, sometimes in large, some- 
times in minute pieces, the colour pre- 
venting the operator cliipping away the 
best part of his work, which may happen 
when mould and cast are of one colour. 
A chisel 1 in. or more broad may be 
used for the first rough work ; smaller 
will be required for delicate parts. 

A figure in the round may be moulded 
by the same process, but the mould must 
be in two parts. A strip of clay 1 in. 
or so wide must be fixed all round the 
clay figure, to be removed when the 
first half of the mould is done. The 
edge of the first half must have sunk 
holes, made by any convenient steel 
modelling tool, to ensure the fitting of 
the two halves of the mould. Projecting 
limbs must be cut off with a fine wire, 
and cast separately. If an iron support 
enters the back of the model, a little 
clay must be put round it, close to the 
model, to enable the iron to be drawn 
through the mould, and the hole in the 
mould stoppei up with plaster. The 
two parts, carefully saturated and bound 
together, may be about half-filled with 
well-mixed superBne plaster, as thick as 
cream, which, by carefully turning and 
inclining the mould, can be made to 
cover the whole of the mould, leaving a 
large hollow to be filled with a coarser 
plaster, in which a painted iron rod may 
bo inserted. Good plaster smells sweet, 
sets in 10-20 minutes as hard and as 
crisp as loaf sugar. Bad plaster smells 
of sulphur, and never sets hard. Be- 
ginners must make sure of their mate- 
rials, and even then should try their 
hands on unimportant work. 

^ Small reliefs may be moulded in wax. 
A border of clay or strips of wood a 
little higher than the highest part of 
the model must be fixed all round, and 
melted beeswax with a little rosin and 
tallow added, poured over the clay. 
When the wax is cold, and the clay well 
washed out, superfine plaster can be 
poured in as into a plaster mould. The 
wax is afterwards melted offer softened 
before a fire and peeled off, to serve 
again as often as you please. Hands and 
arms, and legs and feet, can be easily 
moulded in plaster, care being taken to 
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grease or oil the skin well. The outside 
of the moulds may be deeply scored 
before the plaster sets, so as to break 
off in convenient pieces for putting to- 
gether again. 

In taking the cast of the face of a 
living subject (or victim), he or she 
should be placed sitting in a chair as if 
about to be shaved ; the skin carefully 
greased, the hair and eyebrows smoothed 
down with clay or soft soap and super- 
fine plaster, slightly coloured with ochre, 
mixed in warm water, dexterously 
splashed over the face with a silver 
spoon, care being taken to leave the 
nostrils free. The mould should not be 
quite J in. thick, and may be broken off 
in two or three pieces, which can be 
afterwards joined. 

(2) To prepare Plaster of Paris. — 
Immerse the unburn t gypsum for 15 
minutes in water containing 8-10 per 
cent, of sulphuric acid, and then calcine 
it.. Prepared in this way it sets slowly, 
but makes excellent casts, which are 
perfectly white instead of the usual 
greyish tint. 

(3) Transparent Casts. — Beautiful 
semi-transparent casts of fancy articles 
may be taken in a compound of 2 
parts unbaked gypsum, 1 of bleached 
beeswax, and 1 of paraffin. This be- 
comes plastic at 120^ F., and is quite 
tough. 

(4) To toughen Casts. — Immerse in a 
hot solution of glue long enough for the 
mass to be well saturated. They will 
bear a nail driven in without cracking. 

(5) Mending Models. — Sandarac var- 
nish is the best material. Saturate the 
broken surfaces thoroughly, press them 
well together, and allow them to dry. 

(6) Plaster Moulds. — Glycerine is 
said to be a good coating for the interior, 
but practical plaster moulders still use, 
as of old, a mixture of lai*d and oil. 

(7) With small Models.— For making 
small models in plaster, gelatine is 
generally used. Good glue, mixed with 
treacle or glycerine answers every pur- 
pose. The composition that the " chro- 
mograph " is made of will answer very 
well. The model is immersed in it, and, 
when cool, a cut is made with a sharp 



knife, and the elastic nature of the com- 
position allows the model to be taken out. 
The mould should be greased before the 
plaster is poured in ; when set, it is 
extracted in the same manner as the 
original model. Large figures are poured 
in plaster moulds; these are made in 
pieces, which are fitted together with 
wooden pegs. The peg is inserted in 
one piece before the plaster sets. This 
piece is trimmed off, in order to prevent 
the wet plaster adhering to the next 
piece; the latter should be greased 
with lard ; the whole of the mould is 
thus built up of pieces. In pouring the 
model, pieces of wood or wire should be 
placed in the legs or arms to strengthen 
them. To cast brass in plaster, the 
mould should be previously made hot, 
which might be fatal to the stability of 
the plaster. 

(8) To make casts or moulds of plas* 
ter of Paris from metal types, without 
air-bubbles or "picks," use the finest 
and purest plaster of Paris obtainable. 
When filling a mould, learn to beat up 
the requisite quantity of cream quickly, 
and with care to avoid making it too 
thick. In pouring this in, use a good 
camels' hair brush to displace air- 
bubbles ; a mere surface cover of this 
thin cream is all that is requisite. 
While doing this, have ready the thicker 
plaster, of the consistence of light syrup, 
<ind fill up the mould at once. In about 
20 minutes you can open the mould, if 
your plaster is pure and has been pro- 
perly mixed. If you do not put too 
much oil on the type, and have used 
your brush properly, .-you will find 
clear, sharp moulds. 

(9) Metal may be cast in moulds 
made of plaster of Paris and talc mixed ; 
or of pounded pumice and plaster of 
Paris in equal quantities, mixed with 
washed clay in the same proportion. 
The mould must be heated very hot 
when u.<ied, if the cast is to le made of 
copper or brass, but a less degree of 
heat will serve for lead and tin. You 
jnay safely use plaster for zinc castings, 
taking the precaution of thoroughly 
drying the parts of the mould, e.g. in 
the kitchen-range oven j care, however, 
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must be taken not to use too much heat, 
or the plaster will be burned — just as 
much af is unpleasantly hot to the 
hand. The zinc should not be hotter 
than will give it sufficient fluidity for 
pouring. In this way 4 or 5 good 
castings may be taken, after which the 
mould gets cracked and scales on the 
surface ; this spoils it for fine work, 
but is of little consequence for battery 
zincs. 

(10) In mauy cases it is advisable to 
preserve copies of small carved objects 
for future use, and this is easily done by 
taking a plaster cast of the work. To 
take an impression of the object of 
which a cast is desired, a substance 
known as squeeze-wax is used, and this 
is made of the following ingredients, 
viz.: 2 lb. flour, ^ lb. best beeswax, 
^ lb. linseed oil, and a small quantity 
of rouge ; these should be thoroughly 
mixed together, and then exposed to the 
air. Shouli the squeeze-wax become 
hard at any time, it may easily be 
softened by slightly warming and well 
kneading. In taking a cast, the wax 
should be well presse'd into every por- 
tion of the work, and then gently with- 
drawn, the mould thus formed being 
filled with plaster of Paris, the plaster 
having been mixed with water until it 
is of the consistence of cream. After 
standing for a few hours the squeeze- 
wax can be taken off, leaving a copy of 
the carving in plaster. Care should be 
taken to obtain the plaster fresh, as 
after being exposed to the air it loses 
some of its properties, and does not 
harden well. These remarks on takinor 
plaster-casts apply only to small objects 
that are not deeply undercut ; larger 
casts, and casts of subjects carved on 
more than one side, are taken in 
sections. 

(11) Anatomical Specimens. — Pre- 
pare tiie specimen by making it as 
clean as possible ; place on oiled paper, 
in a position that will show it to advan- 
tage. Soft projections may be held in 
position with threads suspended from a 
frame or from a heavy cord stretched 
across the room. Paraffin melted on a 
water bath is painted over |;hp prpparj^- 



tion with a soft brash, the first layer 
being put on with single and quick 
strokes, that the rapid cooling of the 
paraffin may not cause the brush to 
adhere to the preparation, thus drawing 
the soft tissues out of place, until the 
mould is formed about ^ in. thick ; all 
undercuts must be well filled. When 
the mould is hard it can be readily 
separated from the preparation; it is 
then well washed with cold water. Stir 
fine dental plaster into cold water to 
consistency of cream, pour into the 
mould and out again several times, so 
that there will be no air.bubbles on the 
surface, then fill the mould and let it 
stand until hard. Place the whole in a 
vessel containing boiling water until 
the paraffin is all melted ; wash with 
clean boiling water. When the cast is 
thoroughly dry, it may be painted with 
oil colours by coating it first with 
shellac varnish. Casts of any part of 
the body may be made from a living 
subject, if the parts are not too sensitive 
to bear the heat of the paraffin, which 
varies from 104° to 140° F. 

(12) Natural Objects. — Taking plaster 
casts of natural objects is thus explained 
by Prof. Boyd Dawkins : — The material 
of the mould is artists' modelling wax, 
which is a composition akin to that used 
by dentists ; and as it becomes soft and 
plastic by the application of heat, though 
in a cold state it is perfectly rigid, it 
may be applied to the most delicate 
object without injury. As it takes the 
most minute markings and striations of 
the original to which it is applied, the 
microscopic structure of the surface of 
the original is faithfully reproduced in 
the cast. The method is briefly this :^ 
Cover the object to be cast with a thin 
powder of steatite or French chalk, 
which prevents the adhesion of the wax. 
After the wax has become soft, either 
from immersion in warm water or from 
exposure to the direct heat of the fire, 
apply it to the original, being careful to 
press it into the little cavities. Then 
carefully cut off the edges of the wax all 
round, if the undercutting of the object 
necessitates the mould being in 2 or 
more pieces, and i^t the y\{ix copl with 
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the object in it, until it is sufficiently 
hard to bear repetition of the operation 
on the uncovered portion of the object. 
The steatite prevents the one piece of 
the mould sticking to the other. The 
original ought to be taken out of the 
moiild before the latter becomes per- 
fectly cold and rigid, or it will be very 
difficult to extract. Next pour in plas- 
ter of Paris, after having wetted the 
mould to prevent bubbles of air lurking 
in the small interstices ; and if the 
mould be in 2 pieces, it is generally con- 
venient to fill them with plaster sepa- 
rately before putting them together. 
Dry the plaster casts either wholly or 
partially. Paint the casts in water- 
colours, which must be fainter than the 
hues of the original, because the next 
process adds to their intensity. The 
delicate shades of colour in the original 
will be marked in the cast by the dif- 
ferent quantity of the same colour which 
is taken up by the different textures of 
the cast. After drying the cast, steep 
it in hard paraffin : ordinary paraffin 
candles will serve the purpose. Cool, 
and hand-polish the cast with steatite. 

(13) Photographic Plaster Casts. — 
The following method of taking plaster 
casts by means of photography origi- 
nated with Fink. 

An ordinary piece of patent plato- 
glass, which should measure 2 or 3 in. 
each way bigger than the original, is 
coated in the dark-room with a mixture 
made up of the following solution : — In 
15 oz. water is dissolved 1 oz. potash 
bichromate, the former being warmed 
gently, and then gradually 2 oz. gela- 
tine are added. As soon as the latter 
has dissolved, and the solution has about 
reached the simmering point, it should 
be filtered through fine linen into a glass 
beaker, and then poured upon the glass 
plate above referred to. The gelatine 
solution is ]K)nred upon the centre of 
the plate, and then drawn towards the 
margins by means of a fine brush. It is 
applied again and again until the thick- 
ness amounts to about 1} line. As 
plates prepared in this way require 2 to 
3 days to dry, it is well to prepare a 
good mAny at pno tfine, ami tp |>lnpe 



them when dry in a box well screened 
from the light. The sensitiveness of 
the plates has not been found to suffer, 
even after preservation for a period '.of 6 
weeks. 

When a suitable negative has been 
obtained of the object, and, furthermore, 
a diapositive from the negative, the 
prepared plate is placed, face down- 
wards, against the collodion side of the 
cliche in the printing-frame, and printed 
in diffused daylight for a period varying 
from 10 to 40 minutes. The plate is 
then taken out of the printing-frame (in 
the dark room), put into a dish, and 
poured over with lukewarm water until 
the relief is fully developed. The plate 
is then dried by means of filter-paper, 
and coated with glycerine (any super- 
fluity of this substance being also re- 
moved with filter-paper), a fine and 
large badger brush being employed for 
the purpose. 

The plate, which has hitherto been 
manipulated in the dark, may, after the 
development of the relief, be further 
manipulated in daylight, and the plaster 
cast proceeded with in an ordinary 
workroom. The manner of making the 
cast is as follows : — In a couple of eva- 
porating dishes, some alabaster gypsum 
is put, and two mixtures are made with 
ordinary spring water, one having the 
consistence of oil, and the other that of 
thick cream. The gelatine mould is 
taken in one hand and a little of the 
thinner plaster liquid is poured upon it, 
the mould being at the same time tapped 
with the open hand from the bottom, in 
order that no air-bubbles be formed. 
After this the plate is placed horizon- 
tally upon a table, and the thicker paste 
is poured on, making a film f to ^ in. 
high. This latter, after it has stood for 
15-18 hours, is carefully separated at 
the edge with a knife, and by employing 
a little force the cast is removed from 
the mould. This plaster cast may be 
employed for many purposes, and will 
serve for taking a casting from, with a 
metal fusible at a low temperature. 
.With amateurs and photographers, such 
a proceeding is, however, difficult, and 
if {I m(?^a|]ic ca4 Is required it is best to 
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send the plaster one to a type-foundrj 
or similar establishment. Retouching 
may be done if necessary with a needle 
upon the plaster cast. There is not so 
much difficulty in taking metallic casts 
,from the plaster moulds. It is only 
necessary to thoroughly bake the casts, 
and while still warm brush over with a 
little wax. {Eng, Mech,) 

(14) Casta that can he Waahed.^TYi^ 
prize offered by the Prussian Minister 
of Commerce and Industry for a method 
of preparing plaster casts that permit 
of being washed was conferred upon 
Dr. W. Reissig^ of Darmstadt. From 
Dr. Reissig's essay on the subject the 
following points are abstracted :— > 

In preparing these casts it is not 
only desirable to obtain a surface which 
should not wash away, but also to include 
a simple process for preventing dust 
entering the pores, and render them 
more easily cleansed. Laborious experi- 
ments showed that the only practical 
method of accomplishing this and re- 
taining the sharpness of outline was 
to convert the lime sulphate into 
(1) baryta sulphate and caustic or car- 
bonate of lime, or (2) into lime silicate 
by means of potash silicate. Objects 
treated in this way are not affected by 
hot water or hot soap solutions, but 
from the method of preparation, they 
remain porous, catch dust, &c., and 
when first put into water eagerly absorb 
all the impurities. To avoid this evil, 
subsequently coat the articles, now ren- 
dered waterproof, with an alcoholic soap 
solution, which penetrates more easily, 
deeper, and more freely into the pores 
than an aqueous solution. After the 
alcohol evaporates, a layer of soap re- 
mains, which fills the pores, and when 
washed it is converted into a sud which 
removes the dust without allowing it 
to penetrate. 

(a) Process with Baryta Water. — 
This is the simplest, easiest, and cheapest 
method. It depends upon the fact that 
gypsum, or lime sulphate, is converted 
by baryta water into baryta sulphate 
(which is totally insoluble), and caustic 
lime, which latter is converted by con- 
tact with the air into lime carbonate. 



The practical method of carrying this 
out is as follows : — A large zinc vessel 
is required with a tight-fitting cover. 
In each vessel is a grating made of strips 
of zinc, resting on feet 1} in. high. 
This vessel is \ filled with soft water at 
54° to 77° F. (12° to 25° C), and to 
every 25 gal. of water is added 8 lb. 
fused or 14 lb. crystallised pure hy- 
drated barium oxide, also 0*6 lb. lime 
previously slaked in water. The solu- 
tion stands about 4° Beck (1 ' 0241 sp« 
gr.). As soon as the baryta water gets 
clear, it is ready to receive the casts. 
They are wrapped in suitable places 
with cords, and after removing the 
scum from the baryta bath, are dipped 
in as rapidly as possible, face fii-st, 
and then allowed to rest upon the 
grating. 

Hollow casts are first saturated by 
rapid motions, then filled with the solu- 
tion and suspended in the bath with 
the open part upwards. After the cords 
are all secured above the surface of the 
liquid, the zinc vessel is covered. The 
casts are left in it for 1 to 10 or more 
days, according to the thickness of the 
waterproof strata required. After taking 
off the cover and removing the scum, 
the plaster casts are drawn up by the 
strings, rinsed off with lime-water, 
allowed to drain, carefully wiped with 
white cotton or linen rags, and left to 
dry, without being touched by the 
hands, in a warm place free from dust. 
The same solution which has been used 
once can be employed again by adding 
a little more baryta and lime. 

Of course this process can only be ap- 
plied to casts free from dust, smoke, dirt, 
coloured particles of water, rosin, var- 
nish, soap, animal glue from the moulds, 
or sweat from the hands. To prevent 
the casts getting dust upon them, they 
should be wrapped in paper when taken 
from the mould, and dried by artificial 
heat below 212° F. (100° C). If, in 
spite of every precaution, the casts when 
finished show single yellow spots, the 
latter can be removed in this manner : — 
The perfectly dry, barytated cast^ 
saturated with carbonic acid, are painted 
over with water and oil of turpentine, 
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then put in a glass case and exposed to 
the direct rays of the sun. 

(6) Process with Silicate of Potash 
Solution. — ^This depends upon the con- 
version of the lime sulphate into lime 
silicate, an extremely hard, durable, 
insoluble compound, and is accomplished 
by the use of a dilute solution of potash 
silicate containing free potash. To pre- 
pare this solution, fii*st make a 10 per 
cent, solution of caustic potash in water, 
heat to boiling in a suitable vessel, and 
then add pure silicic acid (free fromt 
iron) as long as it continues to dissolve. 
On standing, the cold solution usually 
throws down some highly - silicated 
potush and alumina. It is left in well- 
stoppered glass vessels to settle. Just 
before using, it is well to throw in a 
few bits of pure potash, or to add 1 or 2 
per cent, of the potash solution. If the 
plaster articles are very bulky, this solu- 
tion can be diluted to j with pure water. 

The casts are silicated by dipping 
them (cold) for a few minutes into the 
solution, or applying the solution by 
means of a well-cleaned sponge, or 
throwing it upon them as a ^he spray. 
When the chemical reaction, which 
takes place almost instantly, is finished, 
the excess of the solution is best re- 
moved with some warm soap- water or a 
warm solution of stearine soap, and this 
finally removed with still warmer pure 
water. 

The casts, which can be immersed or 
easily moved around, may be treated as 
above when warm ; a very short time 
is required, but some experience is 
necessary. In every case it is easy to 
tell when the change is effected, from 
the smooth dense appearance, and by 
their feeling when scratched with the 
finger-nail. It is not advisable to leave 
them too long in the potash solution, 
as it may injure them. A little prac- 
tice renders it easy to hit the right 
point.. The fresher and purer the gyp- 
sum and the more porous the cast, the 
more necessary it is to work fast. 
Castings made with old and poor plas- 
ter of Paris are useless for silicating. 
These silicated casts are treated with 
soap as above. 



In washing plaster casts prepared by 
either method, use a clean soft sponge, 
carefully freed from all adherent sand 
and limestone, wet with lukewarm 
water, and well soaped. They are after- 
wards washed with clean water. Thev 
cannot, of course, be washed until 
thoroughly dry and saturated with car- 
bonic acid. The addition of some oil 
of turpentine to the soap is useful, as 
it bleaches the casts on standing. The 
use of hot soapsuds must be avoided. 

(15) Hardening. — Following is a new 
process of hardening plaster so as to 
adapt it to the construction of flooring 
in place of wood, and to other purposes 
for which it cannot be used in its ordi- 
narv state on' account of its want of 
hardness and resistance to crushing. 
Julte recommends the intimate mixture 
of 6 parts plaster of good quality with 
1 part finely sifted, recently slaked 
white lime. This mixture is employed 
like ordinary plaster. After it has be- 
come thoroughly dry, the object manu- 
factured from it is saturated with a 
solution of any sulphate whose base is 
precipitated in an insoluble form by 
lime. The sulphates best adapted for 
the purpose, from every point of view, 
are those of iron and zinc. 

With zinc sulphate, the object re- 
mains white, as might be supposed. 
With iron sulphate, the object, at first 
greenish, finally assumes, through 
desiccation, the characteristic tint of 
iron sesquioxide. The hardest surfaces 
are obtained with iron, and the resist- 
ance to breakage is 20 times greater 
than that of ordinary plaster. In order 
to obtain a maximum of hardness and 
tenacity, it is necessary to temper the 
limed plaster well in as brief a space of 
time as possible, and with no more water 
than is strictly necessary. The object 
to be hardened should be very dry, so 
that the solution employed may pene- 
trate it easily. The solution should be 
near the point of saturation, and the 
first immersion should not exceed 2 
hours. If immersed too long, the plas- 
ter would become friable. 

The proportions of lime and plaster 
may be varied according to the results 
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to be obtained; nevertheless, the pro- 
portions of 1 to 6 have given the best 
results. 

As it is important that the plaster 
shopld not be spread over the surface 
by passing and repassing the trowel for 
too long a time, the fastest workman 
will always be the best one to employ. 
When sulphate of iron is used, the slabs 
are of the colour of iron i*ust ; but if 
linseed oil boiled with litharge be passed 
over the surface, they assume a beauti- 
ful mahogany colour, and offer a certain 
superficial elasticity to the tread. If a 
coat of hard copal v<irnish be added, the 
colour becomes very beautiful. 

On spreading a 2 or 3- in. layer of 
limed plaster in a room, and treating it 
in the way above desci'ibed, is produced 
a floor which is smooth, and which, in 
most cases, fulfils the office of an oak 
floor, but which has the advantage over 
the latter of costing one fourth, — 
(^Scient. Amer.) 

(Id) Reducing and Enlarging Plaster 
Casts. — Ordinary casts taken in plaster 
vary somewhat, owing to the shrinkage 
of the plaster ; but it has hitherto not 
been possible to regulate this so as to 
produce any desired change, and yet 
preserve the proportions. H5ger has, 
however, recently devised an ingenious 
method for making copies in any ma- 
terial, either reduced or enlarged, with- 
out distortion. 

The original is first surrounded with 
' a case or frame of sheet metal or other 
suitable material, and a negative cast is 
taken with some elastic material, if 
there are undercuts ; the inventor uses 
agar-agar. The usual negative or 
mould having been obtained as usual, 
he prepares a gelatine mass, resembling 
the hektograph mass, by soaking the 
gelatine first, tl^en melting it and add- 
ing euough of any inorganic powdered 
substance to give it some stability. This 
is poured into the mould, which is pre- 
viously moistened with glycerine to 
prevent adhesion. When cold, the 
gelatine cast is taken from the mould 
and is, of course, the same size as the 
originnl. If the copy is to be reduced, 
this gelatine ca^t is put in strong alco* 



hoi and left entirely covered with it. 
It then begins to shrink and contract 
with the greatest uniformity. When 
the desired reduction has taken place 
the cast is removed from its bath. From 
this reduced copy a cast is taken as 
usual. As there is a limit to the 
shrinkage of the gelatine cast, when a 
considerable reduction is desired, the 
operation is repeated by making a plas- 
ter mould from the reduced copy, and 
from this a second gelatine cast is taken 
and likewise immersed in alcohol and 
shrunk. It is claimed that even when 
repeated there is no sacrifice of the 
sharpness of the original. 

When the copy is to be enlarged in- 
stead of reduced, the gelatine cast is 
put in a cold water bath, instead of 
alcohol. After it has swollen as much 
as it will, the plaster mould is made as 
before. For enlarging, the mould could 
also be made of some slightly soluble 
mass, and then by filling it with water 
the cavity would grow larger, but it 
would not give so sharp a copy. 

Stereotyping Qy. 217-28). 

While the previous article on this 
subject conveyed an account of the 
processes of stereotyping as generally 
carried on, so much original research 
and applied science is contained in 
Prof. Bolas's series of Cantor Lectures 
on the subject, at the Society of Arts in 
1890, as to warrant a supplementary 
notice embodying his remarks. 

An early method, which is worth re- 
production on account of its simplicity, 
was known as " polytype." According 
to this, the page type, or the original to 
be copied, is slightly oiled, and fixed 
face downwards on a block of wood, 
supported, at some little distance, over 
a paper or cardboard tray, into which 
melted type-metal has been poured. 
Just as the type-metal begins to show 
distinct signs of solidification, the block 
carrying the page of type is allowed to 
fall on the soft metal; and on separa- 
ting the two, a reverse or mould is ob- 
tained. This reverse or mould, being 
now fixed upon the lower face of the 
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drop^block, is allowed ia its turn to 
fall on the surface of type-metal con- 
tained in a paper tray, this metal being 
at the point of solidification as before. 
The paper tray is of course crushed in 
each case, and to regulate the thickness 
of the *' strike," metal gauges are fixed 
alongside the paper tray, and in such 
position that the frame or chase con- 
taining the original, when down, shall 
rest upon them. 

It is easy to copy this method by the 
aid of an ordinary stamping press pro- 
vided with a quick screw. Fig. 296 con- 
veys a good idea of a simple form of 

296. 




Early polytype apparatus. 

apparatus originally used, and which 
was constructed of hard wood. The 
arrangement of parts is sufficiently ob- 
vious without further explanation, ex- 
cepting that it may be mentioned that 
the r<xl carrying the catch which re- 
leases the block should stretch from one 
standard to the other, the catch being 
taken out of the staple in the drop-block 
by putting the wire in torsion. This 
process is still in occasional use for the 
rapid reproduction of small typographic 
ornaments or blocks, but in such cases 
the matrix is generally a thick electro- 
type cast made from the original block. 
For initial letters or ornaments about 
i in. square, there is probably no 
quicker or better method of reproduc- 



tion than that of striking the matrix 
into semi-fluid type-metal. 

At another period Firmin Didot 
adopted the plan of forcing the forme of 
type by dead pressure against a sheet of 
soft lead, and the matrix or reverse thus 
obtained served for obtaining printing 
plates by the method of striking into 
semi-fluid type-metal just described. It 
is easy to obtain a reverse in soft sheet- 
lead by dead pressure ; anci if the lead 
matrix is placed in the ordinary stereo- 
type casting-box, casts may be obtained 
from it in ordinary type or stereotype 
metal, ' these alloys melting at a lower 
temperature than the lead. In 
a similar way a lead matrix 
may be made by driving an 
ordinary type punch - ways 
into a piece of lead, and the 
lead matrix being adjusted to 
an ordinary hand-mould of 
the right body size, it is easy 
to cast a number of types in 
it, which are about as good as 
the original ; this being often 
a very convenient process to 
follow when a few extra types 
are wanted in a hurry. 

In the usual casting opera- 
tions it is generally necessary 
that the mould in which the 
casting is made should be of 
less fusibility than the ma- 
terial cast, although there are 
rare cases in which this does 
not hold good ; but in the case of the 
striking method just described, we 
have a method by which an impres- 
sion may be obtained in a much more 
refractory material than the original 
matrix. For example, an impression in 
sealing wax taken from type may be 
quickly driven down on the surface of 
type-metal just on the point of com- 
mencing to solidify, and will yield a 
perfect cast in the alloy, e.g., by means 
of the quick screw-press before used. 
Similarly, a die in high steel may be 
made from a silver or copper coin, if 
the steel is heated to bright white- 
ness, and the coin, attached to a drop- 
hammer, is allowed to fall upon it. The 
main points to ensure success appear to 
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be forming of the steel block as a blunt 
cone, 80 that the middle shall first come 
in contact with the original, and the 
protection of the hot steel from the 
action of the air till the last instant. 
Dies made hy this process are some- 
times so perfect as to recall the smooth- 
ness and perfection of an electrotype ; 
and it is no uncommon thing for mints 
to send coins in order to obtain fresh 
dies for the replacing of injured ones. 
The method of moulding by striking 
into soft metal is of great value, and 
those interested in methods of typo- 
graphic reproduction should bear in 
mind the possibilities of this method. 
If, for example, numerous small stereo- 
types in hardened steel were required, 
they could readily be obtained by the 
" striking ** method, a steel die (itself, 
let us suppose, ''struck " from an electro- 
type) being used. 

Very much of interest and import- 
ance arose out of experiments carried 
on in the office of Firm in Didot, in 
Paris, about the end of the last century 
and the beginning of this. In the first 
place, the introduction of a hard type- 
metal containing copper, this being due 
to Herhan, at the time a workman in 
the employment of Didot, and the hard 
metal was introduced to enable the type 
to stand the straid of moulding by dead 
pressure against lead plates. One of 
Herhan's alloys contained: — Lead, 25 
parts ; antimony, 15 ; copper, 6. 

Another notable outcome of the work 
in Didot's office was the production of a 
matrix by punching the letters into it 
successively, a device of Guillot, another 
workman in the service of Didot. 
Guillot called his process " graphitype," 
and he drove the steel type-punches 
successively into a copper plate, this 
plate being then used as a matrix for 
casting a stereotype. Guillot's method 
may be regarded not only as the parent 
of the various " type-writer " methods 
of making matrix sheets or strips, but 
also of Herhan's next introduction — 
the use of matrix types. 

It fs easy enough to' illustrate the 
principle of Guillot's " graphitype " by 
driving punches into the face of a 



copper plate, using a guide rule to 
keep the line, and then casting from the 
plate in the usual casting-box. In this 
form, however, it is hardly a practic- 
able method, but its modern develop- 
ments, in which a kind of type- writer 
is used to make a matrix out of wood 
(the end of the grain) or soft paper, 
may perhaps come into general use. 

Herhan, whose hard metal has just 
been referred to, developed the idea of 
his fellow workman, and made it more 
practicable by setting up the page with 
matrix types instead of driving the 
punches into a plate of copper, this 
arrangement allowing corrections to be 
made, and also ensuring that the whole 
of the printing surface shall be in one 
plane. Herhan's types were of brass 
or copper, and generally similar to the 
ordinary types, but in place of the pro- 
jecting or male letter of our ordinary 
type, was* a female or matrix letter, 
just the reverse of the face of the usual 
type. Such letters are set just as ordi- 
nary types, excepting that they are 
arranged in the stick and chase non- 
reversed, and a proof can be taken on 
the press ; preferably, however, on thin 
paper, such as is used for copying 
letters, as the impression must be read 
through the paper if it is to be read 
non-reversed. Another way of taking 
a proof is to lay a sheet of plain paper 
on the " forme," and over this a sheet 
of black manifold paper, the coating of 
which sets otf on the plain paper when 
the pressure is applied. The " forme ** 
being locked up, and any large whites 
overlaid with special quadrats (or 
high quadrats may be used in the first 
instance), it is shut up in a casting-box, 
and the stereotype is made directly 
from it. Didot issued several books 
printed from stereotypes made by this 
method. 

The " linotype '* system of Mergen- 
thaler, in which a very cleverly de- 
signed machine brings a number of 
matrices into a row, so that a line i^ 
cast, may be regarded as in some sensd 
a development of the idea of Herhan. 

Considering that, in the case rtf 
newspaper work, printing is always 
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done firom stereotypes, it seems to me 
that it would be a more reasonable and 
direct proceeding to set the matrices, 
and cast the required plate directly 
into the matrix forme, rather than to 
delay matters by the intermediate pro- 
cess of moulding. Although Herhan 
devised excellent methods of striking 
his matrix type quickly, and in true 
register, from the original-punches, an 
engineer of the present day could do 
better: he could design a machine 
which would turn out brass or copper 
matrix types about as quickly as wire 
nails are cut off and headed, and the 
cost per lb. of the matrix type possibly 
might not exceed that of ordinary 
types. Agnin, it is quite easy to mt\ke 
the matrix types radial, so that they 
can be **made up" in curved boxes, 
and plates for rotary machines cast as 
soon as the last lines are set or the final 
corrections made. I cannot help think- 
ing that the time is not far distant when 
Herhan's matrix types will largely re- 
place those used now, and it need 
scarcely be said that the ordinary type- 
setting and distributing machines would 
be as available with these as with the 
sort of type now in use. It certainly 
seems absurd to set a " forme," and 
mould a matrix from it when it is just 
as easy to set up the matrix, and to 
cast directly into it. 

The plaster process of stereotyping 
was now established, and soon came 
into very general use for certain classes 
of work, and the next great step was 
the paper process, in which softened 
paper is forced down upon the original 
type " forme," and in the mould thus 
obtaihed one cast or more can be made. 
This has become essentially the stereo- 
typing method, and has ousted all other 
processes, except for s])ecial work. 
Among other things, it has rendered 
possible the modern newspaper; and 
the facility which it affords for rapidly 
producing any required number of 
curved plates, suited for rotary ma- 
chines, has revolutionised printing as 
far as rapid production is concerned. 
Moreover, the process is so simple and 
to easy that any person may, for a cost 



of a few shillings, produce small stereo- 
type plates equal in sharpness and 
general excellence with those made in 
the most perfectly fitted establishment. 

The essential principles of the paper- 
mould method are as follows: --On a 
pad of soft paper, built up of about 20 
thicknesses of soft blotting-paper, 
stapled together at the edges, a hard 
impression from a page of type is taken. 
It is now placed between two slabs of 
dry wood, which slabs are separated to 
a distance of something under } in. by 
strips of the same material, and melted 
type-metal is poured in at the top. On 
separating the slabs of wood you have 
a fairly good cast of the original type, 
and the whole process of producing it 
has taken less than a minute. In 
practice, however, dry paper is not used 
for making the mould, but a numll}er of 
sheets are pasted together, and this 
combination is used damp. . 

The soft pasteboard ready made is 
known to the workman as "flong," a 
corruption of flan, a thin farinaceous 
cake sold in Paris. This is laid on a 
warm and slightly oiled page of type, 
and the back is beaten with a stiff brush 
until the soft pasteboard has taken a 
perfect impression of the face of the 
type. On the back now lay a piece of 
blanket, pinch the whole in a screw 
press, the press having been previously 
warmed. The drying of the mould 
may, under such circumstances, take 
from a few minutes to J an hour, 
according to the temperature and the 
frequency with which the blanket and 
other packing is changed. Being 
clamped between slabs of warm iron, 
metal is poured in, and a cast is obtained, 
little if at all inferior to the original 
type in sharpness. Here you have the 
essential features of the paper-mould 
process, the most important of all 
stereotyping processes. 

Working Details of the Paper-Mould 
Process, — ^This method well merits close 
study, especially as at present workmen 
often so far follow the traditions of 
their craft as to lose sight of such points 
of special advantage as might easily 
be grasped if tradition were allowed to 
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give way more freely to thought and 
experiment. 

The page of type, or " forme," which 
is to be moulded, instead of being 
locked up in the chase surrounded with 
the ordinary wooden furniture, has a 
type-high border about f in. wide around 
it ; but the face of this type - high 
border does not come quite close up to 
the type, there being a space of ^ in. 
between them. This type-high border 
is ordinarily obtained by surrounding 
the forme with stri{w of type-metal 
called " clumps," or ** stereo - clumps," 
these clumps being type high, and 
about i in. wide ; but a bevel on the 
edge placed next to the type reduces the 
face- width to about j^ in., and gires the 
clear space of about ^ in. or so between 
the face of the clump and the type. 
The object of the clumps is to form a 
level bed for the strips of metal — com- 
monly called "gauges" — which deter- 
mine the thicJEuess of the plate. The 
space between the type and the face of 
the clump leaves room for the saw-cut 
if the plate is to be trimmed close, or 
for the bevel if the plate is to be 
trimmed for mounting with catches on 
a metal block. 

Now the forme should be planed 
level, not too tightly locked up, and its 
face must be slightly but completely 
oiled, this being done by rubbing it with 
a flat brush, not too heavily charged 
with oil, the brush being about as stiff 
as an ordinary hat brush. The traditions 
of the trade ordain that the oil should 
be the finest olive oil ; but as a matter 
of fact, neither olive oil nor cotton-seed 
oil, which is now commonly sold as 
olive oil, is the most suitable, as these 
oils — and more especially the latter — 
are saponified very readily by any trace 
of alkali which may remain on the 
forme. A much more suitable oil is the 
very thin mineral lubricating oil which 
is sold retail at Is. 6d, a gal. Here is a 
case in which an article sold at the 
lowest price is the best, and in connection 
with stereotyping — as indeed with most 
industries — there are many such cases ; 
so much so that one must look with 
suspicion on the common but vague 



instruction to " use only the very best 
materials." The practical interpretation 
of this is to use just those samples for 
which the shopkeeper chooses to charge 
the highest prices ; and when such an 
instruction is given as generally applying 
to all materials used in a craft, one may, 
])erhaps, reasonably suppose that it is 
given because the instructor's knowledge 
of the materials is too uncertain for him 
to specify what qualities are desirable. 
Generally speaking, the forme is slightly 
warm when oiled ; if it is cold and 
damp the oiling is almost certain to be 
unsatisfactory, and the mould, may 
adhere to the type. 

We now come to a very important 
matter : the flong and the materials used 
in its preparation. First, let us take the 
paste used to cement the various layers 
of paper together, and as to this matter 
one finds in the usual instructions merely 
a confusing crowd of recipes without the 
smallest indication as to choice between 
them, and some of these recipes order 
the use of materials the special service 
of which it is very difficult to conjecture. 

As an adhesive, ordinary gum (arabic 
or acacia gum) is undesirable ; it pene- 
trates the substance of the paper, tends 
to make it unmanageably hard and 
brittle when dry, and, weight for 
weight, it gives less adhesion between 
sheet and sheet than is the case with 
starch or flour paste. Gum is specially 
bad in relation to the fine tissue which 
forms the face of the flong, as in 
penetrating this it not only tends to 
adhesion with the type, but where the 
gum has penetrated the face of the cast 
obtained will have a rougher texture 
than elsewhere. In addition, gum is 
expensive, and, what is perhaps worse, 
very variable in quality. 

Starch paste is a very good adhesive, 
as its water principally penetrates the 
sheets, leaving the starch where most 
wanted, and that sponginess, which is a 
characteristic of good and useful flong, 
is retained. 

Good as simple starch paste is, a 
paste made from a moderately glutinous 
flour, such as wheat flour, is better, 
as the gluten gives the starch greater 
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consistency and adhesiveness without 
other disadvantages. Moreover, wheat 
flour paste is easier to prepare and to 
manipulate than starch paste, and, if 
measured by adhesive power, is very 
much cheaper. Besides, it penetrates 
the paper even less than starch paste. 
Altogether the advantage rests with 
wheat flour paste as the main ad- 
hesive. 

Glue (the term includes gelatines and 
sizes) by itself is not a very suitable 
or desirable adhesive to use, as it is 
subject to the same disadvantage as 
gum arable as regards penetration of 
the paper, yet in a lesser degree ; but 
when used in conjunction with sufficient 
flour pastej the penetrating quality is 
eliminated, and owing to the setting of 
the glue the flong acquires increased 
sponginess, and also the valuable quality 
of being more rapidly compressed by the 
face of the type when the metal is warm, 
as the glue melts and consolidates the 
compressed parts. In addition, by the 
use of glue along with flour paste, the 
flong becomes capable of holding rather 
more water without becoming flabby, 
and where the flong is not compressed, 
it dries more spongy than would other- 
wise be the case. There is advantage in 
using glue with the paste, whether the 
type is to be moulded cold or warm, 
but very especial advantage in the 
latter case. The sort of glue most 
suitable is the soft and degenerate glue 
sold retail in the oilshops at ^d. per lb., 
high-priced hard glues and fine gelatines 
being very much less suit.ible. Instead 
of using glue, it saves time to purchase 
size, but care should be taken to use the 
low-priced size sold as common size 
(14 lb. for Is. in London oilshops), and 
not the harder and finer size known 
as " patent size." 

We may then dismiss all adhesives but 
flour paste, and glue ; the former can 
be used by itself, but glue by itself is 
not very satisfactory. Together they 
give the best result, for reasons already 
stated. 

It is desirable to mix some mineral 
matter with the paste, and for this use 
we find, among other additions, the 
5 



following recommended : — Whiting 
litharge, white lead, kaolin, other clays, 
Paris white, zinc white, barytes white. 

The use of the mineral matter is two- 
fold. It makes the compressed parts of 
the mould more hard and stony than 
they would otherwise be, and less 
subject to blister or scale during 
drying or casting, and it makes the 
uncompressed parts of the flong more 
spongy and uniform in texture." At the 
same time it makes the whole mould 
more resistant to heat. 

Of the above, the only very definitely 
objectionable substances are litharge 
and white lead, as, owing to the 
moisture and hent the lead poison is 
specially liable to be absorbed into the 
system of the workmen ; and of the 
rest, whiting seems the best, its softness 
of texture, fineness, and the ease with 
which it is compressed, enabling it well 
to fulfil the double function as stated 
above. At any rate, not one of the 
above is superior to whiting ; whiting, 
moreover, is cheap, and easy to get. - 

We now come to the preparation of 
the paste. Into an iron pan put 6 lb. 
whiting and 20 lb. (2 gal.) water. It 
the whiting is allowed to remain in the 
water for 1-2 hours it will be found 
that the lumps have completely broken 
down, and the mixing will be easy. U, 
on the other hand, you try to mix 
whiting which has only just been put 
in the water, it works into clots and 
becomes unmanageable. The hands 
form the most convenient tools for 
mixing the whiting and water, as also 
for working in the next addition, 4J lb. 
wheat flour. 

This being thoroughly incorporated, 
the pan is set for the mixture to boil, it 
being coiistantly stirred with a wooden 
stirrer, having a T-shaped head which 
can be kept in motion close to the 
bottom of the pan, and so eliminate all 
chance of burning. As soon as the 
mixture boils add 14 lb. soft size, or 
3^ lb. common glue, 10] lb. (1 gal. and 
nearly J pint) water. The glue to be 
soaked in the water till quite soft. 

In order to give the paste such quali- 
ties as shall ensure the mass keeping 
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good for years, 4 oz. crystallised phe- 
nol (carbolic acid) are now stirred in, 
and all that remains to be done is to 
work the mixture through a sieve haying 
about 20 meshes to the linear \pch, or 
it may be strained through a piece of 
net. 

Three sorts of paper are used in 
making the flong. First, a 6ne hard 
tissue paper for the face; secondly, 
blotting paper to form the porous body ; 
thirdly, stout and tough brown paper 
for the back, to give strength and to 
support the blows of the beating brush. 
It is of very great importance that the 
tissue paper which forms the face of the 
flong should be strong and fine in fibre, 
uniform in texture, and free from holes, 
all qualities which add to the expense 
of a paper, and any expenditure which 
secures the above is well bestowed, 
economy on this score being bad policy. 
A tissue which becomes pappy and sofl 
when in contact with the paste, or which 
allows its exudation through holes, may 
cause adhesion between the forme and 
the mould, with the attendant delays 
and disadvantages. The tissue papers 
sold for pottery transfers are generally 
very suitable for stereotyping, and some 
makers supply a special kind. The sort 
sold at Lloyd 8 paper office in Crown- 
court, at lid. per lb. is made to a special 
size, 24 by 56 in., so as to be suitable 
for newspaper work. 

As regards the blotting paper, the 
cheaper sorts answer as well as the more 
expensive, and I do not think the lowest 

f triced papers contain irregularities or 
umps so pronounced as to be disadvan- 
tageous. Suitable demy paper, weighing 
23 lb. to the ream, costs 10s. 6^. per 
ream. 

The brown paper for the back of the 
flong should be made of tough, strong 
fibre, free from knots and lumps ; 
moreover it should be soft, and not 
heavily rolled. Such a paper is expen- 
sive, costing about 4d, per lb. ; but, as 
in the case of tissue, it is poor economy 
to use a backing paper of unsuitable 
character. 

To prepare some flong, the materials 
will be : — 



Approximate 
vreight, gr. 

Brown paper (1 sq. ft.) , . 200 

Blotting paper, 3 thicknesses 

(3sq. fl.) 355 

Tissue paper (1 sq. ft.) .. 25 

580 

The brown paper is laid flat and 
pasted uniformly by means of a rather 
soft, flat brush, the paste being, by 
preference, slightly warm, on account 
of the glue it contains, although, with 
the above-mentioned proportions it is 
possible (though undesirable) to work it 
cold. A sheet of blotting is now laid 
on, and the pasting is repeated over 
each layer of paper, but in the case of 
the last pasting, which holds down the 
tissue paper, only a small quantity 
should be applied, and that as uniformly 
as practicable. A convenient way of 
laying down the tissue paper is to roll 
it on a wooden cylinder, and then to roll 
it off this on to the pasted surface ; and 
all through the operation great care 
should be taken that no paste comes in 
contact with the outside face of the 
tissue; generally speaking, the wooden 
roller requires wiping a^er each use. 
Close contact of the several constituent 
sheets of the flong is best ensured by lay- 
ing a clean paper over it after each addi- 
tion, and rubbing it down with the hand^ 
or with a cloth folded so as to form a pad. 
Hard rolling should be avoided, as it 
tends to lessen that sponginess which is 
so desirable a quality. If the paste has 
been applied in about the light quantity, 
the sq. fb. of flong, the paper of which 
weighed about 580 gr., will, when wet 
and fresh, weigh about 1400 gr., about 
820 gr. of this being paste; in this 
state it is too wet and too soft for 
convenient use, but if exposed to the air 
until something like 300 gr. of water 
have evaporated — that is to say, until 
the sq. ft. weighs about 1100 gr. — its 
consistency will be right for working. 
These weights are given principally in 
order that persons working from direc- 
tions may be able to prepare a sample 
which shall have a convenient con- 
sistency, after which the remembrance 
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of this sample should be a sufficient 
guide. 

It is desirable to prepare the flong 
in the first instance with excess of 
moisture, and to allow this to evaporate 
spontaneously, as during this process of 
evaporation the paper swells and takes 
a plasticity and sponginess which is 
difficult to obtain in any other way. 
Moreover, the manipulation of making 
the fiong is easier and more satisfactory 
when a soft paste, containing a full pro- 
portion of water, is used. If, however, 
one has occasion to prepare a piece of 
flong for immediate use, the best way is 
to employ as little paste as practicable. 
Quite apart from the question of the 
amount of moisture present, it is 
undesirable to make use of freshly - 
prepared flong, as it is never so 
homogeneous as that which has been 
kept fbr some days. It may be stored 
in a varnished tin tray of the right size, 
a stout plate of zinc being laid on the 
top. Generally speaking, it is best to 
lay the sheets of flong face to face, as 
the backs are likely to have been soiled 
with paste, and paste should be kept 
from the face. Flong prepared with the 
above-mentioned paste will keep any 
length of time without decomposition 
or mildewing, but it may become par- 
tially or completely dry. This may be 
remedied by one or more dippings in 
water, with a full allowance of time for 
its absorption. When flong has com- 
pletely dried, it is rather a trouble to 
get it once more into good working con- 
dition, the best way being to dip it in 
cold water, pile it in the storing tray, 
and keep this latter in a warm place, 
repeating the operations, if necessary. 
Dry flong is an article of commerce, 
but it is more trouble to get it into good 
working condition than it is to start 
with the plain sheets of paper. It is 
often recommended to use two thick- 
nesses of tissue paper on the face of the 
flong, and to interpose tissue between 
the several sheets of blotting paper, but 
these courses are open to objection, and, 
as far as my experiments go, have no 
balancing advantage. Two thicknesses 
of tissue on the face, with paste betweeq, 



offer no greater security against paste 
reaching the type than does one thick- 
ness of tissue, and, moreover, for ease 
and rapidity of application, it is 
desirable to make the paste as fluid as 
practicable, and also to so work as not 
to involve the ext^a care and labour 
consumed in applying very thin layers 
of paste, and it is obvious that the 
larger the proportion of thin paper 
entering into the composition of the 
flong, so much thinner must be the 
layers of paste in order to obtain flong 
containing the same proportions of paste 
and paper. It takes much longer to 
spread a very thin layer than a 
moderately thick layer of paste. 

Ease and quickness in working are 
generally on the side of moulding small 
forms rather than large, so that, when 
work is sent in assemblages of many 
pages, it is often desirable to re-impose, 
so as to bring down the dimensions to 
demy folio, or thereabout; but when 
large pages of close matter, such as 
newspaper pages, are concerned, the 
stereotyper has no option but to mould 
the formes as received. When several 
pages are imposed together for moulding, 
it is sufficient to allow a pica Q in.) 
between them, unless the edges are to 
be bevelled, in which case quite twice as 
much space will be required to allow for 
the saw cut and two bevels. The type- 
high clumps, as before stated, surround 
the whole. 

Sometimes the stereotyper will have 
to clean the forme himself, from the 
carelessness of the printer who sends it 
to him, and in this case it should be 
scrubbed over with a solution of the 
cheapest quality of caustic soda in water 
(1 part soda to about 8 water), well 
rinsed and dried. 

The forme, clean, dry, oiled and 
warm, is laid on a planed slab of iron, 
or " beating surface," heated from under- 
neath, the heating being by gas or steam. 
The beating surface may be, and often 
is, an extension of the bed of the drying 
press (Fig. 297). The hand is now lightly 
passed over the face to detect any letter 
which may stand high, and the *' planer " 
is brought into use if nucessary. All is 
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now rrady for the mouldiag. Tnke a 
piece of the floDg, dust id surface over 
witli powdered Fcenuh chulk, tnkinf; 
cure to wipe off all excesa, then \aj it 
face downwDidi on tb« forme, and nov 
comei the operation of beaUng. 




old ; and a good plan is to lirst beat 
ine right arrosB the page, and then to 
end this iirat towards one end of the 
page and then towards the other. A 
damp cloth is Bometitnes laid orei the 
flong in beating, but if the broirn paper 
is tough and nervy the cloth is not 
needed, and much time is saved by ni 
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The brush used for beating may vary 
in shape or weight, according to the 
habit of the workman, but the bristles 
must be good and closely packed, and 
the operation of beating is so similar to 
that of driving in a nail, that any per- 
son who is able to strike his nail ever; 
time in snch a way that it shall be sent 
forwards and without any tendency 
sideways, will probably make a satis- 
factory mould the lirst time ; while one 
in whose hand the hammer sways round 
uncertain'.y and uncontrolledly, hitting 
the nail at all sorts of angles, and per- 
haps even bending it, will not be very 
successful In making a paper mould 
from the type. In such a case it is 
perhaps better to educate the mind to 
the conditions necessary for successful 
hammering, by watchfully and naius- 
takingly learniug to drive drapers pins 
i>p to the head in deal, than to waste 
fiong ant) spoil type. 

The face of the brush mnst fall flat 
on the back of the flong, very little side- 
driving being sufllcii-nt to shift the 
flong, and spoil the sharpness of (he 
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the diSeienco in price between good 
and bad paper. Moreover, when the 
cloth la used, it becomes difficult to 
give such local treatment as Is necessary 
m parts where words or mlea stand 
ilmost fay themselves, or where there 
may be a moss of small type closely set, 
to say notliing of the special treatment 
required where engravings are included 
in the forme. As a rough guide to the 
eitent to which the beating is to be 
continued, it may be stated that with 
flong of the right degree of soilness, the 
divisions between the words set in long 
primer or brevier should show distinctly 
on the back of the flong. If the flong 
is very soft, the beating must not be 
continued until these divisions are so 
distinct as with normal flong, and if 
the flong is very hard one will only ob- 
tain sufficient relief by making the 
divisions show very clearly. 

The progress of the beating may 
always be seen by steadying the mould 
with one hand nad turning back one 
corner, and the flong should always be 
so soft that this can be done without 
straining or stretching the part turned 
over. Where there are eitensive whites 
in the forme, the mould will be arched 
downwards, and some support is needed 
in such places, or the arched parts 
wonld crnsb down by the weight of 
metal in the casting-boi, and much 
metal would have to be cut away from 
the plate. The usual way is to paste 
the back of the tlong, and to lay in the 
deep parts a few pieces of paste-board 
or of old mould, after which a second 
sheet of brown paper is pasted and laid 
over alt. A very gentle beating is now 
given to the mould, care being taken 
not to beat this last paper down into 
the hollows, ne the main me of this 
sheet is to siring or tje the domes and 
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hollows formed in the main part of the 
flong. 

Another way — more employed in 
newspaper offices — is to fill in the 
hollows with whiting, or dry plaster of 
Paris ; the pasted sheet of brown paper 
being laid over as before. 

The impression is now sharpened up 
by planing. The printer's planer — 
which is a slab of hard wood — is placed 
on the mould and struck several times 
with a mallet. This should be repeated 
several times, moving the planer be- 
tween-times, and care must be taken 
not to shift or strain the mould side- 
ways. Two or three thicknesses of 
blanket, or still better, enough blotting 
paper to make up about i in. thick, 
being placed over the mould, the forme 
and mould are pinched up in the drying 
press (Fig. 297). 

A few words more about the beating 
brush. If the face is not level, or 
should become unlevel by use, it may 
be burned flat by contact with a plate 
of iron heated to a dull redness, and by 
the same means the edge and corners 
farthest from the handle may be very 
slightly sloped off, thus making it more 
easy to give local treatment to any 
special part of the mould. Workmen 
who -'have skill and confidence in the 
use of the brush may strike tolerably 
hard, and they often find it a convenience 
to load the brush by fastening a plate 
of lead to the back. Some of the Con- 
tinental workmen, instead of using a 
brush, prefer to use a wooden blank 
provided with a handle and covered 
with severiil thicknesses of cloth or 
*^ moleskin." Then, agaiu, a rolling 
machine, or a vertical press, is occasion- 
ally used in making the mould, but the 
press and rolling machine are of little 
use except in the case of tolerably solid 
and uniform formes, such as the pages 
of a newspaper. The rolling machine 
for moulding consists merely of a moving 
bed with an adjustable cylinder over it, 
bed and cylinder being geared together. 
The machine, however, is seldom used 
without the brush being used as an ad- 
junct. Sometimes the press or machine 
is used to set the flong fii*mly in position 



on the type, the brush being used for 
finishing; and sometimes the brush is 
used first, and the machine is employed 
to sharpen up the impression, to do 
what the planer does in the process of 
making a mould by hand. 

A sufficient drying of the mould may 
be effected in as short a time as 3-4 
minutes, in which case the heat is urged 
almost to the softening point of the 
type, or the heat may be more moderate, 
so that the drying takes as much as ^ 
hour. It may, however, be taken that in 
the case of ordinary commercial stereo- 
typing some water is invariably left 
in the mould ; many hours baking at a 
temperature of 200° C. being necessary 
for the removal of the last traces of 
moisture. So that, when the best 
possible results are required, it is de- 
sirable to considerably extend the time 
allowed for drying. 

In ordinary cases — the work not 
being subject to the extreme need of 
haste which exists in the case of news- 
paper stereotyping — the forme will re- 
main in the drying press for 10-15 
minutes, during which time the blanket 
(or covering of blotting paper, as the 
case may be) may have been changed 2 
or 3 times ; or if this is not done, the 
press should be undone, and the covering 
turned over to allow the more ready 
escape of moisture. All this time the 
bed of the press may be conveniently 
heated to a temperature of 100^-130° C. 
the former being about the degree of 
heat obtained if the bed forms the top 
of a steam-chest fed with waste or ** ex- 
haust " steam ; but if " live " steam of 
about 30 lb. pressure is used, the tem- 
perature will be something like 130° C. 

To return to the forme and mould. 
The mould leaves the forme at once. 
When any adhesion occurs, something is 
wrong with the work, e.g., tissue paper 
not impervious ; excess of paste under 
tissue paper, thus breaking up tissue ; 
tissue broken in beating, from too hard 
blows or extreme softness of flong; 
mould too deep, so as to fit over the 
shanks of the types, or even penetrating 
between them ; paste on face of the 
flong, from careless making or piling; 
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imperfect oiling of forme, or unsuitable 
oil ; alkali or other foreign matter on 
type. 

But a slight tendency to adhere can 
generally be combated by repeatedly lift- 
ing the edges of the mould, as far as is 
possible without bending or straining 
the mould ; and then letting it spring 
back ; at the same time slightly loosen- 
ing the quoins and beating the back of 
the mould with the brush. (Fig. 298). 

298. 




Beating brush. 

In the case of persistent sticking, the 
only alternatiye is to heat the forme 
once more and repeatedly moisten the 
back of the mould with water. In this 
case the mould will be spoiled. 

The mould, as it comes off the forme, 
is dry to the touch, but ordinarily not 
dry enough to give a good cast, and be- 
fore drying it further it is convenient 
to trim the edges to the outsides of the 
gutters left by the clumps; and to 
paste on to one end a flap of brown 
paper long enough to project 2 in. or so 
out of the casting-box, and, at the same 
time, to allow a head of metal of not 
less than 6 in. For this purpose, a 
more adhesive paste is required than 
that used for making the flong. Stiff 
rye flour paste is best. 

The mould may now be laid on a hot 
surface to further dry, or, better still, 
it may be baked in a steam or gas-oven, 
heated to about the same temperature 
as the moulding press ; but in any case 
it should be kept flat by placing over it 
a piece of heavy but small-meshed wire 
net, and if necessary a weight is put 
upon this. A suitable wire net is made 
with iron wire of No. 16 I.W.G. ('064 
in. diameter), and 6 meshes to the linear 
inch, and can be had from Arms that 
furnish millers' plant. The ordinary 
wire gauze or net sold at the hardware 
'shops,- having 6 meshes to the inch, is 



made of much thinner wire, and is not 
much used for the present purpose, as it 
has not sufficient rigidity to keep its 
shape as a slab or plate. The wire net 
should be in contact with the tissue 
paper side or face of the mould, as 
slight indentation on this side will do 
no harm, whereas any indentation on 
the back of the mould will show on the 
face of the cast ; and when several 
moulds are piled in the oven for baking, 
they should be laid back to back and 
face to face, with a piece of sheet metal 
(say stout tinplate) between the backs, 
and one of the wire-net sheets between 
the faces. 

The baking, or second drying, being 
at an end, we come to the casting, and 
before this is done it is a very common 
practice to brush sonSe finely powdered 
French chalk into the mould, and then 
to dust out the excess by turning the 
mould face downwards, and gently 
beating the back with a flat slice of 
cane. This is quite unnecessary if the 
mould is very dry ; but by the use of 
French chalk the effect of any trace of 
moisture remaining in the mould is 
minimised, and, moreover, the cast 
separates from the mould more easily — 
a matter of some importance when it is 
wished to make several casts in the 
same mould. 

All is now ready for laying the mould 
in the casting-box, the casting-box 
having been waimed by a gas jet under- 
neath, or by casting a few blanks in it. 
The mould is laid face upwards on the 
horizontal slab of the casting-box (Fig. 
299), the brown paper flap hanging a 
little over the lip of the box. The pica- 
high gauges are laid along the gutters 
formed by the clumps, the top leaf of 
the box is closed down and clamped by 
the screw, and the casting-box is swung 
on its axis, so as to bring the lips to 
the top. 

When stock sizes have to be stereo- 
typed, it is convenient to use set gauges, 
like Figs. 300 or 301, but in other 
cases it is usual to employ adjustable 
gauges, such as Fig. 302. 

When the mould is charged with 
type-metal, it is necessary, in order to 
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obtain a good cast, that the >vho1e of the 
metal inside should remain fluid until 
the mould is completely filled with 
metal, as if any part solidifies before the 
mould is full, the cast is sure to show 
curved streaks where the cast has 

299. 




Casting box. 

solidified, and the fresh metal has not 
run up so closely as to make a sound 
cast. This is most noticeable at the 
back of the cast, where the casting-box 
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stereotype gauges. 

exercises the most sudden cooling action 
on the metal, and the object of heating the 
casting-box is to diminish the tendency 
to this sort of thing. Heating the 



casting-box is generally insufficient in 
itself, when the cast is large, unless 
the heat is raised to nearly the melting 
point of the metal— an obviously incon- 
yenient course. It is very nMich more 
convenient and satisfactory to warm the 
box only slightly (say to about 100° C), 
and to cover the face with a non-con- 
ducting coating, which may be ex- 
tremely thin ;v in fact it is sufHcient to 
sponge the iron plate over with a very 
thin wash of jewellers' rouge (finely 
divided ferric oxide, or practically, 
much the same thing as finely divided 
iron rust) and water, a film of the 
oxide so thin as to be scarcely noticeable 
serving to retard the solidiflcation of 
the metal during the short time re- 
quired to flU the mould. Although a 
thin wash of jewellers' rouge is the best 
coating material to employ when very 
delicate castings of type metal are to 
be made in metal moulds (as, for ex- 
ample, in casting the thinnest *' leads "), 
a thicker and coarser mixture, made by 
stirring } lb. red ochre into i pint water, 
is often used, this being applied with a 
brush. London stereotypers, however, 
more usually lay a sheet of thin card- 
board over the back plate, or a sheet of 
thin paper will be quite as effectual in 
preventing the chilling of the metal ; 
but stereotypers generally prefer the 
card, as lasting longer and being easier 
to handle. The card, however, is 
liable to blister, and so cause inequalities 
in the thickness of the plates. In the 
absence of a metal casting-box, excellent 
work may be done by using two slabs 
of dry wood, held together by screw 
clamps. 

All is now ready for the casting of 
the stereotype. To ascertain whether 
the temperature of the metal is about 
right, a strip of card or of old mould is 
immersed in it for a few seconds. If 
the card becomes of a medium brown, 
the heat is right (about 320° - 330° C), 
if it chars and blackens, the temperature 
is too high ; should it merely become 
yellowish or light brown, more heat 
must be applied. When the metal is 
too hot, it can be rapidly brought down 
by stirring in some cold metal. It is 
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important that, when poured, the sur- 
face of the metnl should be clc.in and 
free from scum or oxide, as this might 
lodge in the cavities of the mould and 
render the cast unsound ; and the most 
convenient way of cleaning the surface 
is to throw into the pot some powdered 
rosin, which melts and so far agglome- 
rates the oxide that it can readily be 
removed by skimming with a perforated 
iron spoon. Sufficient metal is now 
taken out of the pot by an iron ladle — 
one with a flat pouring-side (Fig. 303) 
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is often used — and the metal is poured 
steadily, but not so quickly as to cause 
splashing, into the mould. Under ordi- 
nary circumstances, it makes but little 
difl'erence whether the stream is poured 
against the back plate of the casting- 
box or against the face of the mould, 
although the former is the most usual 
course, and some persons make a point 
of drawing the ladle along the lips of 
the mould during .the operation of 
casting. 

The metal used for stereotyping is 
much the same as ordinary type metal, 
ouly, as a rule, the stereotyper is con- 
tent with an alloy tending too much 
towards softness, while of late years 
type founders have been moving in the 
direction of harder and harder metal. 
An alloy well suited for ordinary work 
contains 20 per cent, of antimony, the 
remainder being lead ; or lead 4 parts, 
antimony 1 part. For preparing this 
alloy, a very safe lead to use is the soft 
lead which has formed the linings of 
tea-chests, or if commercial pig lead is 
used, a soft sample should be selected, 
and this may be sufficiently judged of 
by scratching the surface with the 
fmger nail. Hard pigs ofbeu contain 
traces of zinc; this metal, which is 
especially bad in stereotyping alloys, 
being used in some of the desilverising 



processes, and the last traces are not 
always removed. When, however, the 
hardness of the pig lead is known to be 
due to antimony, copper, or tin, it may 
be used quite safely ; in fact, hard lead 
then becomes more desirable than soft 
lead. The lead and antimony being put 
together into the iron melting pot, 
sufficient heat is applied to melt the 
former, when the antimony gradually 
dissolves in the melted lead, forming an 
alloy which fuses at about 300° C. 
Lead melts at something like 330° C, 
while antimony fuses at 450° C, or a 
low red heat; the stereotype metal 
following the general rule that alloys 
melt at considerably lower tempera- 
tures than the mean melting points of 
their constituents. Sometimes stereo- 
typers reduce the proportion of antimony 
so that the alloy only contains 10 per 
cent, of the metal, but in this cas^ the 
alloy is noticeably soft, and wears badly 
in printing. A very superior stereotype 
metal, which is not only harder but more 
fusible than the above-mentioned, can be 
made by melting together 3 parts lead, 
1 of antimony, and 1 of tin. Old mixed 
type generally makes an excellent ste- 
reotype metal, and will often bear the 
addition of nearly half its weight of 
lead. Type metals, like so many alloys, 
are harder when the cooling has been 
very rapid than when it has been com- 
paratively slow, and casts obtained, in 
a given alloy, by the paper process, are 
conseqliently softer than those by the 
striking process of Carez and Didot. 

The most positively objectionable im- 
purity likely to find its way into the 
stereotyping metal is zinc, this metal 
making the alloy flow badly, and the 
face of the cast rough and patchy, 
doubtless by its tendency to separate 
from the other metals. It is, therefore, 
important to keep watch against its 
introduction into the stereotype foundry, 
and in melting up old type or scraps, 
any portions which remain unmelted, 
and float on the surface after the bulk 
is fused, should be skimmed off, as 
these are likely to contain the lighter 
and less fusible zinc. The larger the 
proportion of lead in the stereotype 
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meta), so much greater is the evil effect 
of the zinc. Zinc in lead or in type 
metal may be removed by calcining at a 
low red heat, the zinc oxidising with 
the first portions of the lead ; but the 
same treatment also removes the anti- 
mony, or at any rate a considerable 
proportion of it. The tendency of 
antimony to oxidise is so much greater 
than that of the lead, that stereotype 
metal used many times becomes softer 
from the loss of antimony. A little 
arsenic — say 1-2 pei* cent. — increases 
the fluidity and hardness of a stereo- 
typing metal. 

Now take the cast out of the box, and 
the usual thing is to trim it, or cut it 
up into pages with a circular saw, and 
as the cuttings are carried round by the 
saw, and thrown upwards and forwards 
by the ascending side, it is usual to fix 
a screen (as shown in Fig. 304), to pre- 
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vent them going into the eyes of the 
operator. The screen is ordinarily 
made of sheet metal, but sometimes a 
neatly fitted and curved glass plate is 
used. Generally speaking, however, 
I have preferred to use a leaf of the 
transparent flexible celluloid, which can 
now be readily obtained as thin as a 
card, and as transparent as glass. 

Instead of a circular saw, the tool 
known as a zinc hook (Fig. 305) maybe 
used for dividing the plate. A metal 
straight-edge is used as a guide, and 
the cutting edge of the zinc hook is 
drawn along it a sufllicient number of 
times to plough a groove half through 
the plate, when it becomes easy to break 
it. 

For trimming the edges, a hand plane 



is ordinarily used in conjunction with a 
shooting board, the ordinary wooden 
shooting board and jack-plane of the 
joiner answering the 'purpose very well. 
306 represents an iron shooting 



Fig. 
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Shooting board. 

board and iron plane specially made for 
stereotypers* use, a second plane being 
provided for bevelling. When the 
trimming planes are driven by power, 
the arrangement is generally substanti- 
ally similar, the plane moving to and 
fro on a guide, while the plate to be 
trimmed is fed up against it, although 
sometimes a revolving cutting is used 
instead of a plane. 

Thin stereoty|)es, cast pica-high for 
mounting on blocks, ought not to re- 
quire planing at the back, provided 
that reasonable attention is devoted to 
matters which influence their thickness 
and truth, such as the flatness of the 
slabs of the casting-box, the accuracy 
and right placing of the gauges, the 
keeping of the mould flat while 
drying, and the proper condition of 
the cardboard covering the back slab 
of the casting-box. It is easy to cast 
plates so true as to require no planing, 
indeed so true that the arrangement ordi- 
narily used for planing or rather scrap- 
ing, the backs of thin stereotypes, would 
make them worse, not better. The 
arrangement is a kind of drawbench iu 
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vhich the plata la alowlf forcsd under 
s stout knire pUcsd almost rerticully, 
and one farm of it i> repiesented by 
Fig. 307. 

The trarellmg part iaaoe with Ihe two 
racks, while the donble gearing and the 
arrangement for rcToriing by shifting I 



nn angle of 60° on the approaching aide, 
and 15" is a good noglo for cutting edge, 
leasing animgle of relief of I5=. When 
a cutting tool rapidly remoTes small 
shavings of stereotype metal — as in the 
ise of a circular saw or rotary cntler 
-there is a tendency fcr the clean 




ackward or 
forwaid "motion, will be obvions to 
anyone who has given attention to 
machinery. The slow henry cut, with 
a cutter at right angles to the plate, 
is essentially wrong, and tends to drag 
the plate out of shape, and, unless care 
is taken will sometimea Ua it from the 
bed of the machine. A mnchine tool 
for cutting stereotype metal will not 
work elKciently st a much less speed 
than la ft. per second between it and 
the metal. In ordinary cases, the cat 
is clean and ens; with such a spccil, nnil 



if metal to weld together, and 
>me of them to weld upon the 
clean surface of the work, thus making 
it rough, but a minute film of thin 
mineral lubricating oil prerents the 
tendency to welding, and it is gentrnlly 
suflicient to allow a brush charged with 
the oil to very lightly play against the 
cutter or the work, according to cir- 
cumstances. The free use of oil on 
stereotypes is objectionable for obvions 
reasons. For heavy work, water con- 
taining a little soap is more eflicient, 
■ freely. The above 
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especially to the ordinary and rather 
soft alloys. It is a matter of surprise 
to me that a planing machine with a 
Tevolying cutter like that used for 
thicknessing floor boards is not always 
used for the backs of stereotypes when 
planing is required. 

In most cases — at any rate for job- 
bing work — the stereotype plates are 
brought up to type height by being 
nailed or screwed down on mahogany 
boards, these being, roughly speaking, 
^ in. high ; and, from the printer's 
point of view, it is very desirable that 
the thickness of the whole should 
exactly equal the height of the type, a 
miatter which may very well be gauged 
by a sort of bridge (Fig. 308), under 
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which the mounted stereotype can be 
just passed if it is the right height. 
Wood blocks expand when exposed to 
damp, and contract when they diy, and 
consequently they vary from time to 
time; so printers, when using wood- 
mounted stereotypes, would save time 
by passing them one at a time, and face 
downwards, under such a bridge set to 
type height. The low places can then 
be readily brought up with paper 
patches in far less time than when 
made up in the chase. As a matter of 
fact, stereotypers very seldom send out 
the blocks too high, as the printer finds 
it much easier to pack up than to plane 
off. 

Printing from stereotypes becomes 
much more easy and certain if, instead 
of being mounted upon material which, 
like wood, varies in thickness with 
difference in the degree of dryness, the 
stereotypes are either cast type-high in 
the fli*st instance, or are mounted upon 



some firm foundation not subject to 
considerable variations of thickness. 

Casting the plates type-high is a 
common practice for ephemeral work, 
as in that case the plates can be melted 
as soon as done with ; but it is the usual 
practice not to cast the plate quite 
solid, a number of hollow spaces at the 
bottom, generally arched or domed, 
serving to lighten the plate. Any 
person with elementary notions of 
handicraft can devise for himself ready 
means of making cores for placing in 
the casting-box so as to produce the 
required cavities, and several ingenious 
forms of adjustable core are now made, 
among which may be specially men- 
tioned that in which a set of core-bars 
of graduated sizes enables one to readily 
cast type-high blocks to any required 
width. For very small blocks, it is 
more convenient to cast solid, and if 
reasonable care is taken, the blocks may 
be cast so accurately to type-height, 
that planing at the back becomes quite 
unnecessary, and the sides may readily 
be squared up with the hand plane 
(Fig. 306), or sometimes it is more 
convenient to cast small metal mount- 
ing-blocks, and to solder the thin 
stereotypes upon these. 

Metal mounting-blocks, upon which 
bevel-edged stereotype plates are held 
by catches placed round the edges, are 
on the market in various forms, much 
cleverness being sometimes noticeable in 
the devices for enabling the printer to 
build up any required size of mounting- 
block out of stock sizes. In the case of 
an ingenious device by Harvey Dalziel, 
the loose clips are avoided, and by 
dividing the mounting-block diagonally, 
variations in size are very readily pro- 
vided for by the inseition of suitable 
distance pieces. Fig. 309 illustrates the 
arrangement. The small diagram at 
the west side is a sectional view show- 
ing the clips, which arc one with the 
blocks, and it also shows the coring of 
the blocks, while the diagram under it 
shows a pair of twin blocks in plan. 
Next we have the same adapted for 
a larger plate by the insertion of one of 
the various distance pieces, a series of 
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wbioh it ihawD on tbe onter tide of the 
group. Tine adjastmenti cnn be made 
br Inserting >n ordinnrf lead, and it is 
obvlona that tbese uijuttmeQts can be 
mads to take effect either nciota or 
along the page, or mnj be np[»rtianed 
between the two 



ahooting board (Fig. 306) being con- 
venient for this purpose. For working 
in nanow places, and close np to the 
t;pe face, a " linneT " cbiael of suitable 
width maf be used, or a acraper shaped 
like Fig 310, and one angle of the 
scraper mny adiantageoasl; be ground 
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A very firm and satisfuctory blocking 
np of the stereo plate is a method due 
to Brightler A few ehoit pieces nf 
wire are soldered to the back of the 
pinte, and it is laid on its face and 
surrounded with a tjpe-high border 
A miitnre of calcareous cement and 
watir is filled in level with the top of 
the border, and a flat plate, sligbth 
oiled, is laid oier and weighted 
Brightle; naed Roman cement, but in 
llie present diy Poitlond cement is 
more conTenient Thie method is nn 
suitable when the plates are wanted for 
immedicite n<e, as in ordinar; cases the 
mould should not be removed for about 
13 hours, and 2 days should elapse 
before the mounted stereotypes are 
used for printing. 

It very often happens that the stereo- 
type requires some work done upon its 
face, such as cutting away the parts 
corresponding to large white surfaces, 
raising low parts, or "sinks," or solder- 
ing in letters or electrotypes. For 
chipping away eitended whites, a very 
convenient tool is the cnrpruters' gouge, 
driven by a rather light mallet, an 
assortment of 4 or 5 gouges, the 
narrowest about A-in. across, being 
ample. When ehippiog awiiy the metal 
with gouge and mallet, it is desirable to 
place the stereotype on a planed iron 
surface, provided with a trauETerse bar 
against which it can rest, the iron 



on the edg" of the grindstone, so as to 
shape it into a chisel like tongue about 
-^ in. wide, or a special tool, tike 
Fig 311 may be used for scraping 
between the lines. Sometim" - — ' 
ing-out machine is used, in 
conical dome-shaped revolui 







Parallel 



provided with universal movements, is 
brought down on the plate ; hut, in 
ordinary cases, there is little or no 
saving of time by the use of such a 
machine. When there is a "sink "on 
the fare of the stereotype — this being 
generally the result of an arching oftbc 
moiild* — it may be brought np by 
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laying the plate face down on a planed 
iron surface (a sheet of paper being 
interposed if this is thought necessary), 
and hammering on the back with a 
broad and round-faced hammer, such as 
that used by shoemakers for beating out 
leather; a Hltle paper packing being 
then pasted on the back to support the 
hollow. In beating down the "sink," 
care must be taken to strike in the 
middle of the place rather than at the 
edges, and to strike the fewest blows 
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Puncbing-out slab. 

that will do the work, otherwise the 
plate may be distorted so much as to 
render it useless. In the case of the 
thick curved stereotypes used for news- 
paper work on rotary machines, the 



ing in a type requires some care and 
watchfulness, but it is very easily done. 
The stereotype is clamped face upwards 
on the punching-out slab (Fig. 312), and 
with the line containing the false letter 
immediately in front of the bridge. 
The adjustable part of the bed, shown 
at the left of the diagram, being now 
set so as to leave a gap exactly under 
the line, the chisel (Fig. 313) is used to 
make an indentation round the letter, 
at any rate on those sides where access 
can be had, the chisel being 
placed with the unbevelled 
side next the letter to be 
removed, and being held ver- 
tically. A punch like one of 
those shown in Fig. 313, and 
of the right size for the 
letter to be removed, is now 
held firmly atop of the letter, 
and is driven through the 
plate by a hammer. Any 
metal driven beyond the plane 
of the back may now be cut 
off with a sharp chisel ; and if 
any indentation of the face 
round about the hole is visible, 
it can be dealt with as re- 
commended in the case of a " sink." 
The hole is now trimmed, by means 
of a rectangular filef, to the bare size 
of the type to be inseHed, and the 
type, after having been scraped clean on 
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machine minder will often bring up a 
low line * by driving a chisel obliquely 
into the metal above it and below it. 
Cutting out a false letter and solder- 

* The standing lines in newspapers and 
periodicals ore often low to paper. 



the sides, is inserted from the back. 
The face of the letter having been 

t Files of rectangnlar rection down to n 
square file about -^a in. across can be obtained 
at watchmakers* matorhil shops of Clerkenwell 
or Sobo. 
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adjusted to its exact poeition and level, 
thB stereotype is laid face downwards 
on the punching-ont slab, no paper 
being interposed between them. A 
little powdered rosin is dusted on, and 
with a rather fine- pointed soldering 
bit a trace of solder is applied at two 
opposite points of the join. The shank 
of the type is then nipped or broken off, 
and the place is filed or scraped level. 
Sometimes a skilled workman will put 
a patch 'of solder over a false letter, 
and out of this engrave the required 
character, but such a method of working 
is more usually adopted when a dot or 
the tail of a letter is broken off and 
must be replaced. 

The soldering is very easy if a few 
points are attended to. The copper bit 
being heated to a heat a little under 
redness, is rapidly cleaned about the 
point with a file, and quickly dipped 
into an acid solution of chloride of 
zinc,* and then rubbed on a stick of 
soft solder which itself has been 
moistened with the same solution; it 
thus becomes well amalgamated with 
the solder, or is *^ tinned/' to use the 
expression of the workshop. To keep 
the soldering bit in a good condition, its 
tip may be rapidly dipped in the acid 
chloride of zinc solution after each 
heating, and being then charged with 
solder it is ready for use on the stereo- 
type plate, and if the part to be soldered 
is sprinkled over with powdered rosin, 
this will be sufficient protection, and 
the small drop of solder carried up on 
the tip of the bit will unite and flow 
readily. The acid chloride of zinc 
solution should not be applied to the 
type metal, as it rather corrodes it than 
protects it. 

When much soldering has to be done, 
as for example, if electrotypes of wood- 
cuts are to be soldered into stereotype 
plates, a soldering bit^ heated by a 
small gas blowpipe, is a great conve- 
nience and saving of time, and the de- 
vice represented in Fig. 314 is a specially 

* Commercial bydrochloric acid satarated 
with zinc, and when poured off from the excess 
of metal, is mixed with i its bulk of hydro- 
chloric acid. 



convenient one for the stereotyper, and 
the instrument itself can easily be con- 
structed by any all-round mechanic. 
The tubes leading gas and air respec- 
tively (the air being conveniently sup- 
plied by a foot bellows) are shown first 

31i. 




Soldering bit. 



passing through a wooden handle and 
thence into the cylindrical head of the 
apparatus, where is fitted a small 
Uerapath's blowpipe, the flame of which 
plays upon the small copper hit held, as 
shown, by two lugs extending from the 
cylindrical head. A cock is placed on 
the gas-pipe just over the handle, and 
where it can be operated by the thumb 
of the right-hand, while the crutch 
shown on the figure forms a convenient 
support for the blowpipe when not in 
use. 

Although very little care and atten- 
tion on the paH of the workman will 
enable him to use ordinary soft solder 
of the tinman without fear of melting 
the adjacent parts of the plate, there 
are cases where it may be desirable to 
use a more fusible solder, in which case 
Wood's cadmium solder may be em- 
ployed. It melts at a temperature 
considerably under that of ordinary 
solder, works nearly as easily, and is 
quite as strong. It is prepared by 
melting together cadmium 2 parts, tin 
4 parts, lead 2 parts. 

An alloy of bismuth 2 parts, tin 1 
part, and lead 1 part, forms a solder 
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easy to use, modtralelj strong, and 
melting below the Jioiling point of 
water. When figures have to be altered 
screral times, this loldec is conrenient 
to use, as thoee first soldered in can be 
readily removed by immersing the plate 
in boiling water or heating it till, when 

feel steam formed, then giving the 
ligure a slight tap to driie it out. 

In Etereotyping for newspaper work, 
evei'fthing is carefully stndied to attain 
speed, especially in the case of the 
evening papers, and it becomes possible 
to mould a page and ca»t a plate in 
about 10 minates. In inch cases, the 
plates are cast curved, so as to fit the 
cylinder of the machine used. 

Two vrorkmen beat the llong to make 
the mould ; a rolling press being often 
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generally very little packing of the 
whites to be done, so it suffices to 
sprinkle a little whiting upon the back 
of the mould, and scrape it into the 
hollows with a sti-aight-edge, after 
which the final thickness of brown 
paper is pasted on, and the forme is run 
under a hut press to dry, the heat being 
as great as can be ventured upon with- 
out damage to the type. In 2-3 
minutes the mould is removed, finally 
dried on a hot surface for anotlier 
similac period. Is dusted with French 
chalk, and is then placed in a curved 
castlng'boi (Fig. 315}, the metal being 
poured in at the side of the page, while 
in the older pattern of curved casting- 
box it tvas poured in at the top. The 
metal is poured from a large three- 
handled ladle like that used in iron 
foundries. The trimining of the cast is 
generally done while it is warm, and by 
slow -moving tools, as chips rapidly 
removed from the tot metal are more 
likely to weld on the freshly-cut sarfai 
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Therefore, thi 
boring the inside of the cast, and in 
which a single knife is made to revolve 
slowly and take one heavy cut (Fig.3I6), 
is less unsuitable than might at first 
sight be supposed. But in this case, if 
a revolving cutter Were used, and were 



fed with slightly soapy water by ft 
series of conduits in the cutter-bar, it Is 
quite likely some economy of time 
would be effected. Soap, like oil, soils 
the surface of the type metal suffi- 
ciently to prevent welding. 




adjustable knives, the holders of which 
are moved backwards and forwards by 
hand. Another trimming machine is 
represented by Fig, 318. In this case 
we have a revolving cutter and the 
plate is fixed upon a saddle which 
traverses and rotates by hand gearing. 

Occasionally plates intended for print, 
ing on rotary machines are cast flat 



STERBOTTPIHO. 



and aitenvardi bent to tlie rfqnired 
Gurrei nnd thera sre two methodi of 
doing Ibi). In one oat the plate, pre- 
viouil]' warmed, U forced down into a 




■ved die by fl »ort of platten fi 
itiff leavci of spring Bteol, but 
*s intended to 



fonDod of plates of ■[ 



laid OTer tbe die. In tbe other cnie tlm 
ilereDt;)>e ii laid between steel plate* 
thin enough to ipring, and is roHed 
■ereral times through a set of 3 rollers, 
one of which la adjuatable lo at to give 
the required aet. 

Id either case, it i* neceoary to place 
paper or a blanket between the face of 
ind the steel pinte, and 
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the results of ti 

quite Bitisfactorj, unless the plati. . . 
be bent is fairlf solid, as in the case of 
an ordinarj newspaper page, any ex- 
tended whites interfering with tho 
reguljirit^ of the bending. In the case 
of electrotypes, which are oritintirily 
bucked up with a aotler metal, the 
bending ii easier, and electrotjpes -are 
often bent that they may be soldereil 
into cuireJ plates for illustrated news- 
paper work. 

The work of the newspaper sterpo- 
typec is very seriously interfered with 
if any wood-mounted blocks are inserted 
in the forme he h.is to mould, the heat 
passing so much more slowiy through 
wood than through metal as to make it 
almost a matter of certainty that tbe 
mould will be less dry when oyer snch 
blocks ; this being not only calculated 
to give a rough face to the lines, but 
also to lead to a distortion of the face 
of the mould in the second drying. 
This CTil is especially apparent in the 
case of the xinc pvoceas blocks, which 
are mode very thin, and are conae- 
quenlly mounted on an eitra thick 
block of wood. The separate moulding 
of the blocks and casting type high, or 
the mounting of them upon solid metal 
bases, is so easy that there is scarcely 
an eicuse for being so nnfair to the 
workman as to send pages containing 
wood-mounted blocks when a stereotype 
is required in a minimum of time. 

Probably the interfering inSuence of 
the wood mount is largely responsible 
for the tradition that the paper process 
is unsuited for the reproduction of the 
finest engrarcd work, but personally I 
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ensure the very«.best results, ctereotypes 
can be made by the paper process, 
which are equal in fineness of surface 
and definition to the best electrotypes, 
and are superior in durability to many 
of the very thin shells of copper on a 
base of very soft metal, which pass 
now-a-days. The paper process is, 
however, very ill adapted for moulding 
direct from wood cuts, owing to the 
action of the heat and moisture on the 
wood; and it is seldom employed for 
this purpose unless in the case of very 
small blocks, or when time necessitates 
it. The stereotype by the paper pro- 
cess is, when at its best, smooth, 
brilliant, and lustrous on the face, 
where the metal takes the impress of 
the compressed and hardened matrix ; 
while the low parts, which are cast in 
contact with the spongy part of the 
mould, are always rough and often un- 
sound in the sense of being permeated 
by holes and faults. The depths are 
nicely rounded and the square shoulders 
of the type shanks shoiv not at all, or 
only faintly. 

In all ordinary stereotyping work, 
some moisture remains in the mould. 
It is possible to make a fairly sharp 
cast in a mould which is quite wet. 
By using Wood's fusible metal,* which 
pielts considerably under the boiling 
point of water — say between 60° and 70° 
C. — a very fairly good cast is obtained, 
the heat not being sufficient to convert 
the water into steam. This experiment 
is interesting, not only as showing a 
possible means of making a stereotype 
in a shorter period than the nsnal time 
— although the high price of bismuth 
tends to put it outside practical work — 
but also as illustrating a point of some 



and rather dry fiong ; drying thoronghly in the 
press with occasional tightening up; long 
baking of the mould ; non-use of French chalk ; 
a suitable hard metal — say the tin alloy men- 
tioned— and this at as high a temperature as 
the mould will bear; and a considerable 
"head" and margin of metal in casting, the 
margin being of the full thickness of tbe 
gauges. 

* 1 part cadmiumi 2 tioi 4 lead, and 7 bis- 
muth. 



importance, that, in the case of a mould 
not very thoroughly dried, the best 
result is obtained with the metal at ns 
low a temperature as practicable, 
whereas in the case of a mould baked 
for a long time, the hotter the metal is, 
the better the result, provided it just 
stops short of bui*ning the paper ; so it 
is possible to have failures either from 
the metal being too hot or too cold. 
The use of French chalk on the face 
of the mould tends to minimise the 
mischief resulting from traces of mois- 
ture in the mould, but as it invariably 
makes the face of the cast a little rough, 
it should only be used when needed. 
Another use of French chalk is when 
numerous casts are required from the 
same mould, as it tends to prevent 
adhesion between the cast and the 
mould. When a large numbei' of casts 
are required from one mould, ot^r 
precautions to be observed are to use- a 
well-cemented and ripened fiong which 
is not too soft, to avoid making the 
mould too deep, and to beat with 
numerous gentle blows, rather than 
with a smaller number of heavy blows, 
as this tends to give a mould in which 
the depths are nicely rounded off, and 
do not follow the nearly vertical sides 
of the type face. Again, patches of old 
mould, or pieces of thin sheet metal, 
may be laid in the more considerable 
depths of the forme, so as to support 
the flong where subject to the greatest 
strain. Some stereotypers do this in 
the case of most ordinary work ; while 
those who have a difficulty in beating 
the flong without shifting it, do the 
same in the case of all veiy open 
formes. 

The question of damage to type dur- 
ing the process of stereotyping is one of 
some importance, and it mainly steps in 
when a high temperature is employed 
for drying. If the forme is very 
tightly locked np in the chase it may, 
in expanding and softening under the 
heat, become elongated, while, on the 
other hand, it may become shortened by 
the pressure of the drying-press. These 
two circumstances tend to make a 
pewspaper fount become of unequal 
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height/ and the fount is rendered 
useless. 

Let the formes be locked with only a 
moderate force, suiBcient to secure safe 
lifting. With the enormous power at 
the operator's command, only a slight 
turn of the wrench produces enough 
pressure on the type to secure this end 
— which may be verified by experiment 
— and then loosen the formes as soon as 
they are placed on the hot stereotyping 
bed, so as to allow for expansion. 
When possible, lifting the formes at all 
should be dispensed with : they should 
be imposed and then slid along on a 
continuous bed or imposing surface 
right on to the moulding bed, so as to 
avoid all possibility of accident. With 
such convenience at command, there 
would be no necessity at all for exces- 
sively powerful locking apparatus, and 
the ordinary wooden quoin and side- 
stick would be found sufficient. We 
strongly advocate the insertion of wood 
forniture — say about two-line pica 
reglet — bei/treen the long side-stick and 
the type ; for, in case of undue expan- 
sion of the type in the process of mould- 
ing for stereotyping, the wood would 
give way before the metal type, and the 
latter would therefore be preserved. 

It is sometimes desirable to mould 
work, in case of a future demand ; but 
this is not done so oflen as it might, 
because the printer does not care to 
take the trouble of sending the formes 
to the stereotyper. Now it is a very 
easy and inexpensive thing for any 
printer to mould his formes immedi- 
ately they come from the machine, and 
to keep the moulds in case of future 
need. Take the formes of a 16-page 
publication ; a set of light metal frames 
fit in the gutters so as to bring these 
up to the level of the face of the type. 
The pieces of flong —each corresponding 
to a page, with the necessary margin — 
may be rather over-dry than moist ; 
with them you can mould a page at a 
time, and not many seconds are required 
for moulding each page, while as each 
mould is made it is lifted off and set 
aside. The formes need not even be 
washed, as the remain! ug ink does no 



harm in this case; and the moulds 
being removed at once, there would' be 
but little risk of adhesion, even if there 
were not a trace of ink on the type. 
The damp moulds are now laid between 
quires of rough paper, this being suffi- 
cient to keep them flat during the time 
of drying, which may be several days. 
When dry, they are stored away in 
bundles. In casting from one of these 
moulds a few pieces of old mould are 
pasted into the hollows at the back, and 
the brown paper flap is pasted as usual 
on that edge which is to be the top, 
but the extra thickness of brown paper 
at the back is dispensed with. In some 
newspaper offices, it is the practice to 
take the moulds off some of the earlier 
pages while wet, and dry them 
separately. When the mould is re- 
moved wet, there is a contraction of 
about -j^ linear. 

More or less successful attempts have 
been made in the direction of moulding 
the type in a dry and spongy millboai'd, 
and casting at once— these methods 
being called instantaneous stereotyping 
processes ; but nothing of this sort has 
come into general use. The pressure 
required for a newspaper page would be 
enormous, and the results hitherto have 
not been quite satisfactory. 

The paper process of stereotyping 
lends itself very well to the production 
of plates for printing in several colours, 
whether for typographic or block work. 
A series of plates cast in immediate suc- 
cession, in the same well-dried mould, 
corresponding very exactly ; and it is 
better to cut away from each plate 
those parts not wanted, than to atteiQpt 
to block them out in the mould, as this 
latter course may easily lead to distor- 
tion. In cutting away the waste metal 
from the plates, care must be taken not 
to strain or distort them, and for such 
a purpose the routing-out tool alluded 
to is very useful. 

The mention of cutting away plates 
for printing in several colours recalls a 
use made of stereotypes early in this 
century by Charles Babbage. He would 
obtain a number of casts of a block 
showing a complex machine, and by 



TOBACCO PIPES. 



855 



cutting them away he woald produce. a 
separate block showing each important 
organ of the machine, and these would 
be printed alongside the complete 
sketch. 

ToBAooo Pipes. 

Among the branches of industry 
which have been a consequence of the 
introduction of tobacco, the manufac- 
ture of pipes has becpme of considerable 
importance. Immense quantities of 
wood, meerschaum, china clay, and 
pipe clay are annually converted into 
pipes, principally in England, France, 
Germany, and Austria ; a smaller quan- 
tity being produced in Holland and 
Turkey. Wooden, china, and meer- 
schaum pipes are made mostly in Ger- 
many and Austria, and among clay pipe 
producers England takes the first rank. 
Although the value of clay pipes is 
comparatively small, the enormous 
quantity in which they are made makes 
them an important product of industry 
to England. 

Clay, — The principal pipe factories 
are located in Dorsetshire ana Devon- 
shire, where a pure vaiiety of potters* 
clay is found in great abundance. It 
resembles kaolin in its character, 
although it contains a little less silica, 
and remains quite porous after baking. 
The clay is first freed of all impurities 
by levigation, and then undergoes re- 
peatedly a process of kneading and 
curing in open tanks, exposed to the air, 
in much the same way as clay for other 
purposes is treated. After it has 
acquired the desired plasticity, it is 
divided into masses of about 50 lb. 
each, which are then given to the 
formers. 

The first step in making a pipe is the 
formation of the stem in a metal 
mould. A small lump of clay is left 
attached to the rod, of which the cup is 
afterward formed. The rod is then 
pierced through its length with an oiled 
brass rod. Holding the pipe by the free 
end of the stem, the operator now im- 
parts to the cup its external form by 
pieans of a copper mould, in which, if 



ornamental pipes are to be made, are 
engraved the designs. It is provided 
with a spring to open it automatically. 
The pipe then passes to a third operator, 
who forms the inside of the cup with 
his fingers, and establishes communica- 
tion between the cup and the stem by 
piercing the separating wall with the 
brass rod. The pipe is now put aside 
to dry in the sun, after which it is 
ready for the oven. Three men finish 
600-700 pipes a day. 

Fig. 319 represents an oven used by 
English pipemakers. The fire A is 
located centrally in the oven. The 
heated gases circulate through the space 
B, formed by the walls of the oven 
and by the muffle C, which receives the 
pipes. The latter are introduced though 
the door E, and arranged in the position 
indicated, on shelves made of biscuit. 
An oven of this kind usually contains 
2000 pipes. The pipes are generally 
baked for 8-9 hours. 

Ordinary pipes receive no glazing of 
any kind, while some of the better class 
are painted and glazed. They are very 
porous, hence their tendency to adhere 
to the lips. To overcome this, the 
mouth ends are dipped in water con- 
taining a little pipe clay in suspension, 
and polished. By this means the pores 
of the clay are stopped. Pipes of better 
quality are covered with a mixture of 
soap, wax, and gum, and then polished. 

Difficulty is occasionally experienced 
in holding the pipes ia proper position 
in the oven. Some manufacturers fill 
the oven with fine sand after the pipes 
are in position. The sand fills all 
interstices and supports the pipes. 

The clay pipe, like the needle, has to 
undergo a large number of operations 
before reaching the state in which we 
find it in commerce. The manufacture 
of it requires much manipulation, and, 
despite the progress of mechanics, the 
machine has not been introduced. 

For the manufacture of pipes, all 
clays are not equally suitable. Use is 
made of plastic and usually white clay, 
and sometimes of clay coloured by 
metallic oxides. Such clays are not 
met with in France in a sufficient state 
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material uodergoet is consequently a 
denning, which is done partly 
hy hand by children, and Is 
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The Kcond operation ia tho 
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The moulders' tools are shown in Figs. 
320, 321 ; they include a mould of one 
or more pieces, a compressor, a long 
needle, a steel knife, and a press. 

The mould for simple pipes consists 
of two pieces of hollow steel, fitting 
together rery accurately. For orna- 
mental pipes it is of severnl pieces of 
chiselled bronze, held together in a steel 
case. The compressor is of steel, and 
is mounted upon a handle, and has the 
internal form of the bowl. The press 
is an ordinary rice fixed to the edge of 
the table (Fig. 322). 



tion in a few instants on pipes 15 in. 
long and 0*15 in. diameter in the thickest 
part. 

This operation is performed in the 
same way upon pipes of all sizes. 

The roll, thus pierced, and still con- 
taining the needle, is placed in the mould, 
and the latter is closed and put in the 
press. Then the workman takes his 
compressor and pushes it into the open 
part of the mould until he meets with 
the extremity of the needle that enters 
the bowl. The clay is thus compressed 
and the excess is removed by means of 
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Pipe-moulders' table. 



When the roll reaches him, the 
moulder places his open mould before 
him, and then taking a roll, the head of 
which he places upon a special support, 
he thrusts his needle into the centre of 
the tail of the roll, and pushes it up to 
the head, guiding it with two fingers of 
the left hand, so as to keep it exactly in 
the centre. An inexperienced person 
who should try to shove the needle into 
the roll could not advance more than i 
in. without pushing it through the side, 
while the workman performs the opera- 



the knife. The moulder then removes 
his tool, opens his press, and then his 
mould, takes out the pipe and passes his 
knife over it, so as to remove the traces 
of the junction of the two parts of the 
mould, takes out the needle, and places 
his pipe upon a board alongside of him. 

The pipes are arranged with care upon 
these boards, with their stems resting 
here and there upon small sticks or else 
upon very fine sand. 

When these boards are full they are 
delivered to the finisher, who allows the 
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pipes to harden a little before finishing 
them. The finisher begins by passing 
another needle into the stem, then 
scrapes off the seams, and removes the 
lines or scars formed on the stem by the 
various parts of the mould, and, with 
a copper tool, indents the figures that 
are to appear upon the pipe. He then 
arranges the pipes upon other boards, 
and leaves the needle in them so as to 
prevent a curvature of the stem during 
drying. The boards, holding a gross of 
pipes, are taken to the driers, whose 
temperature is very high. 

When the pipes are sufficiently dry, 
workmen polish them with tools analo- 
gous to those used by burnishers, and 
which are manoeuvred in the same way. 

The pipes are then carried to other 
workmen, who verify- them, reject the 
defective ones, and proceed to put the 
perfect ones in the saggers. These latter 
are terra cotta boxes, in which the pipes 
are arranged in circular beds, the bowls 
placed downward, and the stems united 
above by a defective stem in order to 
prevent them from getting out of place 
during carriage. When the saggers are 
full they are carried to special furnaces, 
and are superposed as in pottery 
furnaces. 

In large manufactories, the operation 
of baking is the same as in potteries. 
The furnaces are in batteries of three ; 
while one of them is being fired another 
is in process of cooling, and the third is 
being charged. 

Each furnace bakes about 600 gross 
of pipes per day. The duration of the 
baking varies according to the clay, but 
it is at least 5 hours, and sometimes 
reaches 8-9. 

After the baking, the furnace is 
allowed to cool for about 24 hours, then 
the saggers are taken out and the pipes 
are removed. The latter are then 
examined, and those that are well baked 
are polished anew. 

Although the pipe is finished, it has 
yet to undergo another operation before 
it can be used, and that is dipping. The 
object of this is to remove the porosity 
of the clay, which without this would 
stick to the lips. For this operation the 



pipes are taken and dipped, one by one, 
in a hot bath of soap water and wax, 
and then drained and dried. 

The manufacture of the common pipe 
is at length finished ; but, before being 
delivered to the trade, certain other 
operations are necessary: it must be 
labelled, and certain styles be wrapped 
up, and all must be packed. * 

The packing is done in wooden boxes 
filled with straw. The pipes are ar- 
ranged alongside of each other in the 
boxes, and the intervals between them 
are filled with fine straw. The work- 
men must have some experience, for, if 
the packing is too tight the jolting that 
the box receives will be transmitted 
to the interior and break the pipes ; 
and, if it is too loose, the pipes will 
strike against each other and pieces will 
be chipped off. 

This operation must be carefully per- 
formed, as some boxes go to America, 
others to Australia, South Africa, and 
even to Northern Siberia. 

All the operations above described are 
applied to the wholly white pipe. If 
the pipe is coloured, it necessitates 
several new operations. After the pipes 
have been baked, they are carried to tbe 
glazing room. The operators in this 
latter are usually women, each of whom 
has in front of her a series of cups con- 
taining liquid glazes of various colours, 
and each cup provided with a small 
stick. Each pipe is taken up by the 
operator, who, with the stick, puts a 
glaze upon it either in the form of dots 
or bands. It is in this way, dot by dot, 
that the pipes that are styled glazed are 
finished. These pipes are remarkable 
for the finish that they exhibit. 

The pipes thus ornamented are ar- 
ranged upon plates and put in furnaces 
raised to a high temperature, where 
they undergo a new baking that vitrifies 
the glazing. Then, after being labelled 
and wrapped up, they are packed. 

So much for the manufacture of pipes 
properly so called. With such manufac- 
ture is incorporated an accessory one — 
that of moulds. The moulds are of 
steel and of bronze. Moulds for plain 
pipes are of steel, and those for 
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omamental pipes a^ usually of bronze, 
chilled internally. If the pipe represents 
a head or a complicated subject, this 
part of the mould is made in several 
pieces, in order to allow of the removal 
of the object. In this case the mould 
is always complicated, and is made with 
difficulty, for all the parts of it have to 
fit accurately and without leaving any 
seams on the figure. 

The workmen who make these moulds 
must know how to sculpture very well, 
and must also possess some skill in the 
reproduction of complicated subjects, 
nnd know how to divide and arran&:e 
their moulds. These moulds are very 
costly. Some of them, which furnish 
true works of art, have cost as much as 
120/. 

We said in the beginning that 
mechanics could not be applied to this 
industry, and the reader has now seen 
that the only operation that could 
be performed mechanically is that of 
moulding. 

The clay pipe industry is remarkable 
from more than one point of view. 
Aside from the difficulties of manufac- 
turing, we find the division of labour 
pushed to its extremest limit, and this 
permits of a cheap production and of 
low selling prices after passing through 
three hands — those of the producer, the 
wholesaler, and the retailer. 

It is remarkable, in that it gives 
employment to an entire family, and 
that, too, without occasioning a fatigue 
disproportionate to age or sex. This 
manufacture is essentially French, and 
its importance is daily increasing, despite 
the formidable competition of wooden 
pipes and of cigarettes, French products 
being much superior to those of other 
countries. 

A pipe manufactory occupies an area 
of about 100,000 sq, ft., and gives em- 
ployment to 600-600 persons, exclusive 
of children less than 12 years of age. 
The annual product is 120,000 gross. 
The number of styles is infinite, and is 
daily increasing, as the dealer is con- 
tinually asking for new models. (Z<?s 
Inventions Nouvelles.) ^ 

The clay of which these are made 



is obtained in Devonshire, in large 
lumps, which are purified by dissolving 
in water in large pits, where the solu- 
tion is well stirred up, by which the 
stones and coarse matter are deposited ; 
the clayey solution is then poured oft 
into another, where it subsides and 
deposits the clay. The water, when 
clear, is drawn off, and the clay at the 
bottom is left sufficiently dry for use. 
Thus prepared, the clay is spread on a 
board, and beaten with an iron bar to 
temper and mix it; then it is divided 
into pieces of the proper size to form a 
tobacco pipe ; each of these pieces is 
rolled under the hand into a long roll, 
with a bulb at one end to form the 
bowl ; and in this state they are laid 
up in parcels for a day or two, until 
they become sufficiently dry for pres- 
sing, which is the next process, and is 
conducted in the following manner: — 
The roll of clay is put between two 
iron moulds, each of which is impressed 
with the figure of one-half of the pipe ; 
before these are brought together a 
piece of wire of the size of the bore is 
inserted midway between them ; they 
are then forced together in a press by 
means of a screw upon a bench. A 
lever is next depressed, by which a tool 
enters the bulb at the end, and com- 
presses it into the form of a bowl ; and 
the wire in the pipe is afterward thrust 
backwards and forwards to carry the 
tube perfectly through into the bowl. 
The press is now opened by turning 
back the screw, and the mould is taken 
out. A knife is next thrust into a cleft 
of the mould left for the purpose, to cut 
the end of the bowl smooth and flat ; 
the wire is carefully withdrawn, and 
the pipe is taken out of the mould. 
The pipes when so far completed, are 
laid by 2 or 3 days, properly arranged, 
to let the air have access to all their 
parts, till they become stiff, when they 
are dressed with scrapers to take off 
the impressions of the joints of the 
moulds ; they are afterwards smoothed 
and polished with a piece of hard wood. 
The next process is that of baking or 
burning; and this is performed in a 
furnace of peculiar construction. It is 
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built within a cylinder of brickwork, 
having a dome at top, and a chimney 
rbing from it to a considerable height, 
to promote the draught. Within this 
is a lining of fire-brick, having a fire- 
place at the bottom of it. The pot 
which contains the pipes is formed of 
broken pieces of pipes cemented together 
by fresh clay, and hardened by burn- 
ing; it has a number of vertical flues 
surrounding it, conducting the flame 
from the fire-grate into the dome, and 
through a hole in the dome up to the 
chimney. Within the pot several pro- 
jecting rings are made; and upon these 
the bowls of the pipe^ are supported, 
the ends resting upon circular pieces of 
pottery, which stand on small loose 
pillars rising up in the centre. By 
this arrangement a small pot or crucible 
can be made to contain 50 gross of 
pipes without the risk of damaging any 
of them. The pipes are pot into the 
pot at one side, when the crucible is 
open ; but when filled, this orifice is 
made up* with broken pipes and fresh 
clay. At first the fire is but gentle, 
but it is increased by degrees to the 
proper temperature, and so continued 
for 7-8 hours, when it is damped, and 
suffered to cool gradually; and when 
cold, the pipes are taken out ready for 
sale. 

Briar-root. — (1) The following note 
on the so-called briar- root pipes is from a 
report on the trade and commerce of 
Leghorn : — An interesting industry has 
been started here lately by a French- 
man from Carcasonne, for the export of 
material for the manufacture of woodeu 
pipes. Similar works are also to be 
found at Sienna andGrosseto. Selected 
roots of the heath (Erica arhored) — 
preference being given to the male 
variety — are collected on the hills of 
the Maremma, where the plant grows 
luxuriantly and attains a great size. 
When brought to the factory, the roots 
are cleared of earth, and any decayed 
parts are cut away. They are then 
shaped into blocks of various dimensions 
with a circular saw set in motion by a 
small steam-engine. Great dexterity is 
necessary at this stage in cutting the 



wood to the best advantage, and it is 
only after a long apprenticeship that a 
workman is thoroughly efficient. The 
blocks are then placed in a vat, and 
subjected to a gentle simmering for a 
space of 12 hours. During this process 
they acquire the rich yellowish- brown 
hue for which the best pipes are noted, 
and are then in a condition to receive 
the final turning and boring, bnt this 
is not done here. The rough blocks are 
packed in sacks containing 40 to 100 
dozen each, and sent abroad, principally 
to France (St. Cloud), where they are 
finished into the famous G. B. l3., or 
** Pipes de Bruyfcre," known to smokers 
in England under the' name of " Briar- 
root pipes." The production of this 
article is considerable, 4 hands turning 
out about 60 sacks per month. Con- 
signments are also made to England and 
Germany. (Gard. Chron.) 

(2) The root of the "Briar Ivy" is 
the substance most generally used in 
America for pipe making, it being 
selected for the purpose on account of 
durability, hardness, and the bright 
polish which it is capable of taking. It 
is found throughout the Southern States 
generally — the best qualities growing 
in Virginia — and is sent to the market 
in large pieces which vary in size from 
that of a man's fist to the dimensions of 
a good sized keg. It costs the manu- 
facturer 6-8/. per ton, the price depend- 
ing upon the quality of the wood. 

The above information was imparted 
to us by one of the manufacturers of 
pipes in this city, while wending our 
way from his office to the cellar under- 
neath the factory, where the rough 
briar-root was stored. As we entered 
the last mentioned apartment, we 
noticed, heaped against the walls, the 
odd shaped pieces of the wood. Some 
had just been received, for a workman 
was busily engaged in throwing them 
into an oven which, heated by steam 
pipes, served to dry out all sap and 
moisture the wood might contain. In 
the middle of the cellar a circular saw 
was in motion, cutting the dry pieces 
into slices about 2 in. thick, which as 
soon as finished were received by boys 
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and piled in regular heaps. From this 
underground apartment, the slabs are 
sent to a drying room on one of the 
upper floors, where they are kept heated 
at a moderate temperature for 6 
months, during which time the wood 
becomes thoroughly seasoned. 

Following our guide, we next entered 
the workshop. Here the clatter of in- 
numerable wheels and the buzzing of 
saws and lathes rendered speech out of 
the question. Picking our way over 
heaps of wood and edging between 
countless belts, we were at length 
arrested before a workman .who, sitting 
on a bench in which revolved a circular 
saw, had at his side a pile of the slabs 
which we had already seen cut, down in 
the cellar. Taking one piece at a time, 
he pressed it against the blade, and in a 
few seconds it was divided into several 
smaller blocks of the shape of Fig. 323. 
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Briar pipe making. 

The blocks vary in dimensions accord- 
ing to the size of pipe to be made. 
Very little of the wood is wasted, the 
odd pieces being all worked up into 
stems or small pipes. 

The blocks as soon as cut are passed 
over to the turners. Standing beside 
one of the workmen, we watched him as 



1 

he placed the piece in the lathe chuck. 
A pressure of the boring tool, and the 
interior of the bowl of the pipe was 
excavated, then a* part of the exterior 
was turned ; and finally the block was 
reversed, and, in a few revolutions, the 
end for the stem completed. The entire 
operation did not occupy more than 10 
seconds, the pipe, when thi*own to one 
side, appearing as in Fig. 824. Still it 
was far from finished. It had to be 
carved into shape, and, to witness the 
process, we were conducted to another 
part of the room where the filers were 
at work. Each operative had before 
him a revolving disc, one side and the 
edges of which were cut coarse or fine, 
like files. This instrument removes the 
wood in either large or small quantities 
as may be desired. If the pipe is to be 
ornamented, the finer files are used to 
cut away minute portions. The work- 
men are all well skilled, and reproduce 
apparently intricate designs with won- 
derful accuracy.] The most delicate 
work, such as faces, flowers, &c., are cut 
by hand. 

After the carving is completed and a 
hole is drilled for the stem, the pipe is 
thoroughly sandpapered by holding it 
against a revolving wheel covered with 
that material. This done, it is passed 
to the burnisher, where a brilliant polish 
is given to the wood by allowing it to 
rest against a rotary disc made of layers 
of chamois leather. 

We next passed to the finishing room, 
where, seated at long tables, we found a 
number of workmen engaged in fasten- 
ing to the pipes the pewter tops and 
covers, together with the small bits of 
chain and bands which hold the stems 
and mouthpieces in place. The latter 
are manufactured from the tips of horns 
which are bought from the comb makers 
for the purpose. These tips are turned 
to the shape desired, holes are drilled 
through their length, and then they are 
bent into shape by the action of heat, 
and finally coloured black by a peculiar 
kind of dye. When completed, they are 
carried to the finishing room and there 
attached to the pipes. Nothing further 
remains to be done but to pack the 



TOBACXX) PIPES. 



863 



finished pipes in boxes, label and mark 
them, and they are ready for the market. 

The factory which we have described 
manufactures over 150 gross of pipes 
weekly. Other woods besides briar root 
are used, none, however, equalling it in 
durability and beauty. Among these 
are apple, cherry, mahogany and poplar, 
which are made into the cheaper pipes, 
which cost 36-48s. per gross. The most 
expensive articles are made from the 
briar root and c rved by hand, costing 
some 48s. per dozen. (Scient, Amer,') 

Charcoal. — ^The use of charcoal in the 
preparation of pipe heads, a long time 
practised, has lately experienced many 
improvements, so that now pipes are 
produced remarkable for a deep black, 
lustrous appearance, and of very great 
durability. The material consists of a 
mixture of 2 parts best charcoal black 
and 1 part best black peaty earth, 
ground so finely that, when rubbed 
between the fingers no trace of granules 
is perceptible. Two parts of this 
mixture are then united with one part 
of an equally well pulverised residuum 
of distilled cannel coal, containing still 
'a portion of its-bitumen, and the whole 
rubbed together thoroughly till all the 
three ingredients are uniformly com- 
bined. The mixture is then placed in 
iron boxes, in which are sunken moulds 
corresponding to the pipe heads, and 
while the boxes are then heated ta the 
boiling point of water, stamps with 
rough surfaces are forced under hy- 
draulic pressure into the openings of 
the heads, so that this process, united 
with the increased temperature, not only 
combines the carbonaceous mass into 
compact pipe heads, but also produces a 
smooth exterior, and at the same time 
a rough inner surface. 

Meerschaum. —The following is a new 
process for preparing artificial meer- 
schaum. Precipitates are prepared by 
means of a solution of soluble glass : 
(a) of silicate of magnesia, by precipi- 
tating it through a solution of sulphate 
of magnesia ; (6) of silicate of alumina, 
by precipitating through a solution of 
alum ; (c) of silicate of lime, by pre- 
cipitating through a solution of chloride 



of calcium. All these solutions are 
diluted, 1 part salt being used for 10 
parts water. In order to precipitate the 
solutions, the operation is performed at 
20^ C, except in the case of the silicate 
of alumina, for which the solutions have 
a temperature of about 50° C. (d) A 
solution of fused chloride of calcium 
(I part to 15 of water) is precipitated 
at 15°-20° C. by a solution of sulphate 
of soda (1 to 15). The precipitate of 
sulphate of lime is first dried, and then 
freed of the larger part of the water 
that it may contain, by compressing it, 
and exposing it upon hurdles in a stove. 
Finally, it is totally dehydrated by 
heating it in a very clean iron kettle. 
The sulphate of lime thus prepared is 
in the form of a very fine and very 
white powder. It is carefully preserved 
iu boxes that are kept in a perfectly dry 
place. 

Into 33 lb. of water at 40° C. are put 
19 lb. of precipitate d in 20 successive 
and nearly equal portions. The mixing 
should be done with much care and with 
rapid stirring. There are afterwards 
added to the mixture the following 
substances, weighed in advance : 7^ lb. 
of precipitate a ; 3^ lb. of precipitate 
& ; 5^ lb. of precipitate c. All these 
precipitates should be mixed with water, 
and then the mass, which is in the form 
of a thin bouiiii, is immediately intro- 
duced into a vessel through a No. 20 
brass sieve, and thence into wooden 
boxes that rest upon large slabs of 
plaster covered with canvas, and about 
4 in. thick. In about 15-25 minutes 
the mass may be detached from the 
sides of the frame by means of a blunt 
blade of brass, and the frame may be 
removed. The mass is left upon the 
slabs of plaster until it is sufficiently 
dry to be sawed into small blocks of 
various dimensions, according to re- 
quirements. These blocks are more 
thoroughly dried upon hurdles in a stove. 
Then they are worked with a knife or 
in a lathe, and are waxed and polished 
as in the case of objects made of genuine 
meerschaum. It should be remarked 
that, on introducing the hot mixture into 
the frame, care should be taken not to 
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iDtroduce air bubbles at the same time. 
Varying proportions of precipitates a, 6, 
Cf may be used. The larger the pro- 
portion, the harder and heavier will be 
the final mass. 

Therapeutic. — This improved form of 
smoking pipe is introduced to notice, 
primarily to provide a means of com- 
bating the smoker's habit, and to do 
away with the injurious element in it 
to which its baneful effects are due, by 
abstracting the noxious constituents of 
tubacco smoke, whilst leaving the 
aromatic principles unaffected, thereby 
•making it available for daily use by 
delicate or invalid smokers, to whom 
total prohibition would often be little 
short of a punishment. The so-called 
** smoker's heart and concomit&nt cardaic 
troubles," " smoker's amaurosis," 
** smoker's sore -throat," and other 
laryngeal, pharyngeal, and nasal diseases 
exemplify this, and such cases may be 
permitted the use of their tobacco from 
this pipe at a time when possibly it could 
not be allowed from any of the ordinary 



nicotina or nicotine, which is a colour- 
less oil at ordinary tempetature, but 
volatilises at 4S(P F. ; (6) a volatile oil 
nicotianin or tobacco camphor; (c) 
volatile aromatic principles ; (d) watery 
vapour. The action of smoking as a 
nervous stimulant is probably not due 
to the nicotine itself, but to the stimulus 
of the smoke on the sensory nerves of 
the mouth and nares, which reflexly 
stimulates the vaso-motor centre, and so 
dilates the vessels of the brain. Hence 
the desirability of getting rid of the 
nicotine. In the ''therapeutic" pipe 
principles for removing the nicotine are 
carried into practical effect. A reference 
to Fig. 325 will show that the pipe by 
a modification in the boring is divided 
into the three chambers £, C, and that 
occupied by the fitting B, E being the 
bowl for tobacco, C a chamber below £, 
and occupied by the "radiator" A, 
which is simply a box with a perforated 
top and bottom, and fits tightly on the 
bush on the under surface of the bow^l 
by means of a projecting rini. If this 
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kinds. Secondly the pipe may be made 
useful as a means of turning to practical 
account, and utilising the habit of 
smoking as an adjunct to treatment by 
inhalation of volatile medicaments, so 
that the vapour of the remedy employed 
may be directed to the affected surfaces. 
Tobacco smoke is a mixture of several 
volatile ingredients, the chief of these 
being (a) the volatile liquid alkaloid 



box be filled with any fine powder, all 
the smoke passing through the interstices 
will come in contact with the particles 
of powder and be robbed of its heat, 
which is carriod away by radiation 
through the pipe head. If the powder 
be a volatile one, this fact is available 
for therapeutic purposes. The smoke 
next enters the " smoke chamber " C, 
where it is further cooled. Thereafter 
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luUt 



" B, B, whicl 



buDdleof prepnred 
long, and by the contiguity of the fibres 
to each other this bundle forms s series 
of capillary tubes. 1 have obtained 
smoke absolutely free from acridity. D 
is a cup Tor drainage. Both the fittingB 
A and B ars readily replaced by new 
ones when eiheusled, 60 that a pipe 
which ia always clean is not the least of 
rations to be borne in miud. 



To make 






agent, the patient should be instructed 
eihaU the medicated smoke through the 
nose, by which act it ia carried into the 
phnrynT. Chloride of ammouiam, 



out osiug tobacco, perform the act of 
smoking, the current set up will carry 
the powder well back into the fauces, 
the auction greatly facilitating thi^:. 
(C. W. Jonea.) 

JIaoiaA.—¥ig. 326 shows hookah com- 
plete. A, a special meerKchaum bowl ; 
D, a turned piece of wood to lit bowl, 
and left long enough to go into cork ; 
C, a good, Bcand, tight-fitting cork ; 
T, a glass tube about {-In. diameter, 
fitted into bottom of D, and of such 
s length as to be about IU i"- '•^o''^ 
bottom of waler-bottle. Taae, &c, G ; " 
T, a small piece of tube (glass) J-in. 
diamefer, put through cork, and pro- 
jecting about i in. under cork ; S, the 
"snnke" or tube (rubber ^yi in. dia- 




Hookah. 

tnnnio acid, salicylic acid, benzoic add, 
aDdsuIphur,liave all yielded satisfactory 
Tcsulta, especially the first two. Another 
possible use of the pipe is that of an 
insufBator, for by taking out the accu- 
mulator B, ' ' ■.•...■- 



meter) attached to T; B, the n 
piece. Water in bottle should alwi 
be about 3 in. below end of tube T ; n 
should be renewed frequently as it sc 
gets discoloured. Fig. 327 is 






T the empty stem with 
] te insuffiated, and thenw: 



being unscrewed, the bowl may be 
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■erawtd DO to fiiix ot pillar, initead of 
Iniertinj whole item of pipe, ■iiketched. 
Fig. 329 ihowi the hooksh, m commonly 
natd in Indi*. A, burnt clay bowl; D, 
turned wood«n pillar ; C, coco-nut >li«ll ; 
B, bamboo mouth|)i«ce. Witir, of 
' ' ' ance to mouthpiece. 



lett 



line through tnbe in luOident quantity, 
ia top of the cork muit be vaniished,' 
: bare a coat of rubber Tnmish. 



Tim. 

0) A tap simple of coastructian, 
od coiting neit to nothing, consists 
f a cork, having a straight, cIohh- 




projeeting abave neck of bottle, a 
shown bf dotted tine in Fig. 327. If si 
gets into vessel, and smoke does no 



'. hole, through which ia inserted 

r'ece of glass tubing sealed at cue 
, and having a small bote cut unone 



tide. Ths poaitian of said hole is deter- 
rained b; tlie length of cork used. 
Figs. 330 and 331 show thb clearlf, 
where the first shows the tap apen \ the 
second shut. The manipulation is done 
by pressing the tube in and out. Fig. 
332 is n jar initable fnr photographic 
or electric cell stock solutions. 

(2) A different form of tap is shown 
in Fig. 333. To open and shut the latter 
form, it is onlf neceasarj' to turn the 
tube on iti aiis, there being t slice cnC 
diagonnllj off one aide of the eotk. 
Thia form is specially valuable where it 
is important that the volume of liquid 
in Ihs containing Tessel shonld remain 
constant — e. g., bnrettes (Kig. 334). 
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cot vitb small, round file, kept iret. 
Thecorka may be of cork or rubber, as 
found most suitable. (R. McLaren). 

(3) An indeatructihle water-tap, in- 
rented by Sir William Thomson (Fig. 
337), ia entirely of metal, no other 
material being lued in its conatruetiao. 
The perishable rubber, fibre, or leather 
waaher-yalve employed in ordinary 
screw-dawn cocks is entirely dispensod 
with. The perishable packing or 
washer generally nsed aronnd the 
spindle is also dispensed with. Perfect 
watertightnens is, neverthetess, ob- 
tained. ThemetaLralTe on reaching the 
seat, also of metal, is not suddenly 
arrested and compelled to seat i tsel f hap- 




Fig 335 IS a fasiDdy separator (foi 
workmg with oils, be'), made from an 
old oliTC-oil bottle, a hole being made 
in the bottom for an inlet 

In calcium chloride U tubes that 
require to be weighed accurately before 
and after eiperiments, the taps will be 
fonnd very lueful (see Fig 336) 

It will be observed t^at the sealed 
ends of the tubes are slightly inflated ; 
this prevents them being accidentally 
pulled right out. The l)o|e ii easily 



hazard, but continues tDtumuponitsseat 
as the handle is turned, receiving mean- 
while a gradually increasing pressure 
fromasprmg centrally applied through 
the medium of the rounded head of aitop. 
The valve i> thus rubbed upon its seat 
at every opening and closing, and both 
valve nnd seat thereby acquire and 
maintain a perfect lit and burnish. No 
material wear is shown alter the tap 
has been opened and closed hundreds of 
thoneands of times, and ciperimenti 
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show that even if the seat of the valve 
be purposely damaged it automatically 
rights itself. No packing is used to pre- 
vent upward leakage. All water which 
passes the screw when the tap is open 
enters an annular space, and is drawn off 
into the bib through the eduction tube, 
in which a current is induced by the 
velocity of the water flowing through 
the bib. This device is thoroughly 
effective. The washers used in ordinary 
cocks are a source of constant trouble 
and expense. Numerous materials have 
been tried ; but long experience has 
shown that they differ only in degrees 
of badness. By Sir William Thomson's 
invention they are entirely abandoned, 
and metal to metal is for the first 
time rendered perfectly water-tight. 

Practical men will appreciate the 
importance of these improvements, 
whether for cold or hot water. For 
the first time a screw-down tap has 
been produced with no perishable parts, 
and so constructed that the wearing 
parts — that is to say the valve and 
its seat— tend rather to improve than 
deteriorate by use. These taps have 
now been under test and in use all over 
the country for more than a year with 
perfect success, and users may therefore 
feel assured that in adopting them they 
are not running any risk or experi- 
menting with an untied invention. 

TriNa AND SPLioiNa. 

Usually the size of rope is denoted 
by its circumference in inches. The 
hemp fibre from which ropes are made 
is first spun into yarn or threads, the 
longest fibre producing the best rope; 
several yarns spun together form 
strands, 3 strands form a hawser laid 
rope; 3 hawsers or 9 strands form a 
cable-laid rope, when twisted together. 
Shroud-laid rope has a central core sur- 
rounded by 4 strands. The hawser- laid 
rope is the one most generally used. 
The question of the strength of ropes, 
and their safe working load, under 
varying circumstances, is of great im- 
portance. A series of experiments were 
carried out in 1873 at the Royal 



Arsenal, Woolwich, by the Inspector of 
Machinery, the result of which showed 
that Italian hemp ropes are strorger 
than Russian in the proportion of 100 
to 79 max. or 93*4 min. Russian 
hemp ropes are the least rigid in the 
proportion of Italian 100 to Russian 
from 80*4 to 96*5, and also that the 
deterioration of hempen ropes, after «i 
few months wear, although still ap- 
parently good, was very marked. With 
the best rope after 6 months' use, the 
loss of strength was 25-50 per cent. 
Thus showing the necessity of allowing 
a large margin of strength for safety. 
Ropes stowed away in damp places, or 
put away wet, rapidly deteriorate, so 
that care should be taken to see that 
the ropes are thoroughly dry before 
being stored, and that the store-room 
also is free from damp. If stored away- 
wet, sometimes the rope is worm-eaten 
in the centre, owing to the development 
of a species of fungus, probably from 
the paste used. 

The thumb knot a and figure of 8 6 
(Fig. 338) are used to prevent ropes 
passing through blocks or slipping. 
To make the figure of 8 knot, pass the 
end of the rope under, round, and over 
the standing part, then up through the 
bight or loop. The reef knot c is useful 
for joining together two ropes of equal 
size. With dry rope, it is equal in 
strength to the other part. If wet, the 
knot will generally slip before the rope 
breaks. 

The standing and running parts of 
each rope must pass through the loop 
in the same direction, i. e. from above 
downwards, or vice versa. If they 
pass in the opposite direction the knot 
is termed a granny, and cannot be un- 
done when tightened up with the same 
ease that a reef knot can. A draw reef 
knot d is made in the same manner, 
except that a bight is drawn through 
instead of the rope end ; it is useful to 
cast off when in an inaccessible position. 
Single sheet bend e is used for joining 
the ends of a rope, or hanging to a 
bight. Take a bight or double at one 
end, holding it in the left hand, and 
pass the end of the other rope held in 
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the right hand up through this bight, 
down on one side under and up over 
the bight, and under its own standing 
end. The double sheet bend /, in which 
the running end is passed twice round 
the bight and under its own standing 
end each time, is used where greater 
security is required ; g shows two half- 
hitches ; A, round turn and two half- 
hitches; and t the fishermen's bend. 
In the latter, two turns ai*e taken round 
the spar, or other object, and the end 
is passed over the standing part, and 
through the turns next to the spar, over 
its own part then forming one half- 
hitch, the second half-hitch being taken 
round the standing part alone. It is 
very useful for attaching ropes to rings 
or staples. Sometimes it is necessary 
to shorten a length of rope quickly. 
This can be done as shown by sheep- 
shank k ; lay the rope up in 3 parts, and 
a hitch taken over each bight, with the 
standing and running parts respectively 
of the rope, and drawn tight. To 
secure a rope to the end of a beam or 
spar, a clove hitch / 1.\ n is used, made 
as follows : — Grasp the rope with the 
left hand, back down, and right hand 
back up. Reverse each hand so as to 
form two loops /, lay them together as 
at m, and slip the two loops so formed 
over the end of beam or spar. In case 
the loops cannot be slipped on to the 
end, pass the end over and round the 
spar, and bring it up to the left of the 
standing part, and again round the spar, 
in the same direction, to the right of 
the first turn, and bring the end up, 
between the spar, the last turn, and the 
standing part n. This is one of the most 
useful knots for making fast to an object ; 
it is very simple, and so effective that 
generally the rope breaks before slipping. 
Timber hitch o is useful for lift- 
ing timber or dragging spars. When 
properly made, it w^ill not slip ; it is 
easily undone when the strain is taken 
off. Pass the end round the spar, and 
round its standing part, close to the 
spar. Then twist it two or three times 
back round itself, and draw tight. A 
half-hitch taken with the standing part 
ftdds to its security. 



Bowline knot is shown in p r s. 
Holding the standing pai-t in the left 
hand, form a loop in the rope running 
end uppermost, loop towards the body ; 
pass the running end up through the 
loop, as shown at p, down under the 
standing part from right to left, back 
over the standing part, and through the 
original loop ; then draw taut the end 
and double of the loop together r. A 
running bowline 8 can be formed round 
a spar, and tightened at any point. To 
make it, take the coil of the rope in the 
left hand, pass the running end round 
the spar from left to right, and draw it 
back with the right hand as far as re- 
quired; still holding the end in the 
right hand ; take the standing part in 
the same hand; pass the left hand 
under the standing part, and with the 
finger and thumb seize the running part 
of the rope close to the spar ; draw it 
underneath the standing part from 
right to left and up, and at that point 
make a bowline knot on it with the 
running end. The knot is then run 
through the loop. Its use is to form a 
loop at the end of a rope that will not 
slip, or tighten up. 

Oatspaw t: 2 loops made on a rope 
in order to hang a tackle on. To make 
it form two equal bights or loops t. 
Grasp a loop in each hand, and roll 
them on the standing part 3 or 4 com- 
plete turns ; then hook into both loops 
A, Fig. 339. This is an exceedingly 
handy method of attaching a rope to 
the block hook, owing to its simplicity^ 
and the ready manner in which it can 
be eased off. 

Whipping BCD. To whip a rope, is 
to tie a piece of small twine round the 
end, to prevent the strands from un- 
twining and forming loose ends. Ropes 
intended for tackles particularly should 
be whipped before the blocks are 
threaded. When treated in this manner 
ropes will easily pass through the block 
sheaves, thus preventing much annoy- 
ance and waste of rope, it being quite a 
common occurrence with some work- 
men to cut a yard off the rope end 
because it is frayed. Take a piece of 
fine twine, 2-3 ft. long in proportion to 
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the size of the rope, and place it as 
shown in B, one end to the right, the 
other to the left, quite close to the rope. 
Wind the loop a 6c tightly round the 
end of the rope /, and the two ends 
d e of the whipping twine, a sufficient 
number of times to secure the ends C ; 
then by drawing the two ends de tight, 
the whipping is tightened up D. 

E represents a double Black wall 
hitch. It is used for securing a taclcle 
to a rope. * To make it, place the rope 
near its end, against the hook of the 
block at a, cross the rope at b, and 
again inside the hook at c. If seized with 
a few turns of twine at d it will be 
more secure. This method of attach- 
ment will in a great measure prevent 
the rope from cutting itself on the 
hook. 

Carrick bend F. Lay the end of a 
rope or chain under its own standing 
part, as shown at G, then with another 
rope or chain c d, lay its end under 
both parts of the eye formed by a 6, 
and parallel to that part which is 
uppermost) then bring it alternately 
over and under the parts of a 6 and 
itself. This knot is used for fastening 
the 4 guys to a derrick. But its 
principal use is for bending a large rope 
to a small one. 

Drag rope knot HIE. This is a 
useful knot for attaching hand spikes to 
drag by. It may also be used as a 
ladder by securing it firmly at each 
end. 

The sheet-bend or weavers' knot A, 
Fig. 340. This knot is usually cm- 
ployed by netters, and is called by 
sailors *^ the sheet bend." It is readily 
made by bending one of the pieces of 
cord into a loop a &, which is to be held 
between the finger and thumb of the 
left hand; the other cord c is passed 
through the loop from the farther side, 
then round behind the two legs of the 
loop, and lastly under itself, the loose 
end coming out at d. In the smallness 
of its size, and the firmness with which 
the various parts grip together, this 
knot surpasses every other; it can, 
moreover, be tied readily when one of 
the pieces a 6 is exceedingly short ; in 



common stout twine, less than 1 in. is 
sufficient to form the loop. The above 
method of forming it is the simplest to 
describe, although not the most rapid 
in practice; as it maybe made in much 
less time by crossing the two ends of 
cord a 6 in B on th^ tip of the fore- 
finger of the left hand, and holding 
them firmly by the left thumb, which 
covers the crossing ; then the part c is 
to be wound round the thumb in a loop, 
as shown in the figure, and passed 
between the two ends, behind a and 
before 6; the knot is completed by 
turning the end b downwards in front 
of d, passing it through the loop c, and 
tightening the whole by pulling d. As 
formed in this mode, it is more rapidly 
made than almost any other knot ; and, 
as before stated, it excels all in security 
and compactness; so firmly do the 
various turns grip each other that, 
after having been tightly pulled, it is 
very difficult to untie ; this is the only 
drawback to its usefulness, and in this 
respect it is inferior to the reef-knot, 
which is made in precisely the same 
manner that a shoe-string is tied, only 
pulling out the ends instead of leaving 
them as bows. 

Binding knot C D. This knot is ex- 
ceedingly useful in connecting broken 
sticks, rods, &c., but some difficulty is 
often experienced in fastening it at the 
finish ; if, however, the string is placed 
over the part to be united, as shown in 
D, and the long end 6 is used to bind 
around the rod, and finally passed 
through the loop a, as shown in C, it is 
readily secured by pulling d, when the 
loop is drawn in, and fastens the end of 
the cord. 

Clove hitch E F^ For fastening a 
cord to any cylindrical object, one of 
the most useful knots is the clove hitch, 
which, although exceedingly simple and 
most easily made, is one of the most 
puzzling knots to the uninitiated. 
There are several modes of forming it, 
the most simple being perhaps as fol- 
lows: — Make two loops, precisely 
similar in every respect, as a and 6 in E, 
then bring b in front of a, so as to 
make both loops correspond, and pass 
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them over the object to be tied, 
tightening the ends ; if this is properly 
done, the knot will not slip although 
surrounding a tolerably smooth cylin- 
drical object, as a pillar, pole, &c. 
This knot is employed by surgeons in 
reducing dislocations of the last joint of 
the thumb, and by sailors in great part 
of the standing rigging. The loop 
which is formed when a cable is passed 
around a post or tree to secure a 
vessel necir shore, is fastened by what 
sailors term two half-hitches, which is 
simply a clove hitch made by the end o( 
the rope which is passed around the 
post or tree, and then made to describe 
the clove hitch around that part of 
itself which is tightly strained, as in F. 
Tying a parcel G H. The tying up 
of parcels in paper is an operation 
which is seldom neatly performed by 
persons whose occupations have not 
given them great facilities for constant 
practice. Let a single knot be made in 
the end of the cord, which is then 
passed around the box or parcel. This 
knotted end is now tied by a single 
hitch around the middle of the cord G, 
and the whole is pulled tight. The 
cord itself is then carried at right 
angles round the end of the parcel, and 
where it crosses the transverse cord on 
the bottom of the box H it should, if 
the parcel is heavy and requires to be 
firmly secured, be passed over the cross 
cord, then back underneath it, and 
pulled tightly, then over itself; lastly, 
under the cross cord, and on around the 
other end of the box. When it reaches 
the top, it must be secured by passing 
it under that part of the cord which 
runs lengthways in aG, pulling it veiy 
tight, and fastening it by two half- 
hitches round itself. The great cause 
of parcels becoming loose is the fact of 
the cord being often fastened to one of 
the transverse parts as 6 in G, instead 
of the piece running lengthways, and in 
this case it invariably becomes loose. 
The description may perhaps be ren- 
dered clearer by the aid of the figures, 
which exhibit the top and bottom of a 
box corded as described. The cords, 
however, are shown in a loose state, to 



allow their arrangement to be perceived 
more easily. 

Shoi*t splicing I K. There are two 
ways of making a short splice — one by 
passing the strands left-handed, the 
other by passing them right-handed. 
But the former method is the more 
generally adopted, because of its neat 
appearance. (Inlay the strands of each 
rope about 1 ft. or more, then crutch 
them together — that is, lay them so 
that each strand lies in a groove of the 
rope. Afterwards pass a strand of one 
rope over a strand of the other, as 
shown in I, front view, where No. 4 is 
passed over No 1, so as to form a common 
knot. In a like manner pass No. 5 over 
No. 3, and No. 6 over No. 2. Draw 
these strands tight, and proceed as 
follows: — ^Take strand No. 6, K, back 
view, and after reducing the yams by 
cutting a few out of the inside, pass it 
over No. 2 ; continue doing so until it 
is worked out. It will be seen^ by 
reference to E, that No. 6 is passed 
three times over No. 2, but the third 
time it is merely pushed through and 
not drawn tight. Strands Nos. 4 and 
2 are in a similar position. All the 
corresponding Nos. represent the same 
strand, so No, 4 will pass over the same 
strand (No. 1) till worked out ; No. 1 
over No. 4, and No. 2 over No. 6. No. 5, 
which is shown loose, passes over No. 3. 
In passing the strands be careful to 
reduce the yarns each time after the 
first, and spread them out so that they 
will lie flat, and also see that all the 
yams lie parallel. 

Splicing wire rope, L M N.— The in- 
creasing use of endless ' wire rope for 
underground haulage, elevated wire 
ropeways, and for hoisting, gives im- 
portance to methods of splicing. 

About 84 ft. of rope is required to 
put in a good smooth long splice. 
The wire ropes employed in ropeways 
> are made of 6 strands of 7 wires each, 
and a core or heart ; as there are two 
rope ends to splice together, there will 
consequently be 12 strands to be tucked, 
in. Operators usually tie the stops that 
mark the length of rope, about where 
the centre of t.he splice will be, Jq 
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this case the usual way is to unlay each 
rope up to that point, and .place the 
strands of rope a between the strands of 
rope 6, the cores or hearts of the ropes 
a and 6 being cut off so that the cores 
of the ropes abut against each other. 
There will be then 42 ft. of strands 
each side of the stop, as is shown in L. 

It is important that each strand 
should be in its proper place, so that 
none of them crosses other strands, or 
that two strands be not where one 
strand should bo (by placing your 
fingers between each other in natural 
position this will be understood). Then 
strand No. 1 of rope a is unlaid, and 
strand No. 1 of rope b fellows close, and 
is laid snugly and tightly without kink 
or bend in its place, until within 7 fb. 
of the end ; a temporary seizing is then 
put on, securing ropes and strands at 
this point. Strand No. 1 of rope a is 
then cut off, leaving it 7 ft. long. Then 
strand No. 2 of rope a is unlaid, and 
strand 2 of rope b is laid in its place to 
within 21 ft. of its end. Strand No. 3 
of ropQ a is unlaid, and strand No. 3 of 
rope 6 is laid in its place to within 35 ft. 
of end. By this time you have reached 
within 7 ft. of the centre, and, reversing 
the operation, unlay strand No. 4 of 
rope 6, and lay in its place strand No. 
4 of rope a, to within 7 ft. of its end ; 
unlay No. 5 of rope 6, and lay in No. 5 
of rope a, to within 21 ft. of its end ; 
finally, unlay No. 6 of rope b, and lay 
in its place No. 6 of rope a, to within 
35 ft. of its end. The strands are now 
all laid in their places and seized down 
for the time being, the ends are cut off, 
as with the first strand, to 7 ft. long, 
and present the appearance as in M, 

The next operation is to tuck in the 
ends, and we will proceed to tuck in b 1. 
It will be remembered that the ropes 
are made of 6 strands, laid around a 
core or heart, usually of hemp, of the 
same size. Two clamps N made for 
this purpose are fastened on the rope so 
as to enable the operator to untwist the 
rope sufiSciently to open the strands and 
permit the core to be taken out, which 
is cut away, leaving a space in the 
centre of the rope ; the strand 6 1 is 



placed across a 1, and put in the centre 
of the rope in place of the extracted 
core, forming, in fact, a new core. A 
flat-nosed T-shaped needle used in 
splicing, the point of which is about 
•^ in. wide by -^^ in. thick, rounded off 
to an edge, is well adapted to this pur- 
pose. The strand & 1 is laid in its 
entire length, the core being cut off 
exactly at the extremity of strand 61, 
so that when the rope is enclosed around 
the inserted strand, the ends of the 
strand and core should abut. If there 
is much space left in the centre of the 
rope without a core, the rope is liable 
to lose its proper form, and some of the 
strands fall in, exposing the projecting 
strands to undue wear. The same 
operation is performed with a 1, running 
the other way of the rope, and so on, 
until all the strands are tucked in, 
which, if properly done, will leave the 
rope as true and round and as strong as 
any other part. 

Some operators prefer to start from 
the end of one rope and consequent end 
of splice. The operation is about the 
same, but more care has to be used in 
bringing all the strands to an even 
tension in the parts spliced. 

The diamond hitch, Fig. 341. This is 
largely used for tying goods to be carried 
on animals* backs. The pack saddles e 
may be of the simplest description, re- 
sembling small, light sawbucks, with 
side boards fastened under the crossed 
pieces, to come upon the animal's back. 
In saddling, a piece of blanket is first 
put on, then the saddle is girthed, or, 
" cinched," on very tightly. 

The operation of packing involves the 
use of the peculiar knot, very famous 
in its way, termed the " diamond hitch." 
By its agency the packs are fastened 
rigidly in position on the back and sides 
of the animal carrying them. After 
the animal has been saddled, the packs, 
divided into two even portions, are slung 
up, half on each side, by two packers. 
To the parts of the saddle corresponding 
to pommel and cantle, short lines are 
fastened. The packers hold the packs 
up against each side of the pack animal, 
and passing the ropes around the articles 
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from undccnsMth. and up, over, and 
ncross the bick, tie the CDdt together no 
ni to hold all in poiltioa. A117 Bmnll 
■rticlei are piled oa top, and all is rend; 
for the diamond bileh. 

To make this, ft piece of 2 or 3 in. 
rope ii used, about 30 ft. long. One end 
ii fastened to > ihort ^rth or cincli d. 
To the other end of the dnch b seemed 
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Snt le>d of the rope lying 
pscfca, and as near the centre 

The eUte of thing, at thi- ^ 

siiovu in a. Fig. 311. 

The left-hand part of the half-hitch 
is passed under the cross rope by A, 
while the free end of the rope is passed 
lu described by B. A ihoira this pbaoe 
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a large flat hook, 
vrood. In the arm; 
about 1 in. wide, is 
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of theoperatioD. In this way two loops 
ire formed, one for each side. A's loop 
lies under the cross line, while B's loop 
itside of ecerjthing. All these 



on the near or left side of the 
vhom we shall desij^nafe ns A : the 
other stands on the oif or right side, and 
will be called B. The packing rope and 
ciacb aie taken by A on the near side. 
He swings the hook end of the cinch 
across under the animal's belly to B, 
who catches it. Then A makes a bight 
in the part of the rope near Ihe cinch, 
and throws it over across the top of the 
pack to B, who inserts it in the hook. 
Thus two leads of the rope run over the 
top of the pack transTersely. A then 
turns a half-bitch with a large loop in 
the next ^ucoeeding part of the rope, 
and passes the free cod to B, This end 
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ecnted ii 






order being followed. The 
tightening process comes neit. B begins 
to pull the rope backward and upward, 
grasping it at /, putting his knee, or 
eren foot, ngainst the hook for a pur- 
chase, while A takes in the slack as fast 
as given him from B's snccessire pulls, 
grasping and pulling the rope at g. 
When no more can be gained, and (lie 
I pressed as much as 



sible, A 



s the I1 



tightly ajound and partly underneath 
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in position, when A, taking hold of the 
free end of the rope, pulls it diagonally 
forward and outward, over the withers 
of the horse. This completes the 
spreading of the diamond, and it w^ll 
be at once seen that this separation of 
the two lends of the rope tightens it 
with enormous power. After A has 



trying to relieve himself by motion. To 
untie the hitch, the end of the line is 
untied and cast loose, and withdrawn 
from under the cross lead of the rope. 
Then the whole being slackened, the 
bight is withdrawn from the hook, and 
the rope comes off without a knot. If 
a knot is formed, it is a sign that a 




342. 



clven the final ruH, he ties the free end 
of the rope wherever convenient, thus 
completing all. The final result is 
shown in c. The last two pulls con- 
solidating the pack nearly double up the 
l)oor animal. The cinch, often cruelly 
narrow, is drawn up into his belly until 
the profile forms a double curve, his 
body being violently squeezed upward. 
After packing, the poor beast will some- 
times go off, ns it were, on tiptoes, 
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mistake has been made in the tying. 

The* tightness of the "lacing" to 
which the animals are subjected has an 
element of mercy in it, because, if the 
saddle shifts about, a sore back in- 
evitably results. 

For roping large, irregular bundles, 
the diamond hitch is well adapted, and 
its power in such cases is surprising. A 
simple loop tied on the end of the rope 
is made to serve instead of the cinch 
loop. (^Scient. Amer.) 

Tackle. 

Blocks are used for changing the 
direction of ropes, and gaining powej^ at 
the expense of time. They are made 
sometimes of wood frames, with a rope 
" strop " and thimble eye. The sheaves 
are usually brass, running on a wrought- 
iron centre pin, which passes through 
the frame and sheaves. Fig. 342 A shows 
a treble block. Generally blocks are 
made with light steel or sheet-iron 
plates for the sides, strengthened by 
wrought-iron links, where the strain is 
most direct. The suspending hooks are 
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connected by a strong cross bar to the 
side links, and are capable of being 
easily moved, either round their own 
axis, or through an angle of 90° on 
each side. Blocks are called single, 
double, or treble, according to the 
number of sheayes which revolve on the 
centre pin. Snatch, or leading blocks, 
are single, with an opening on one side 
to admit a rope without passing its end 
through. 

A simple " tackle *' consists of one or 
more blocks rove with a single rope or 
** fall/' When a tackle is in use, one 
end of the fall is made fast, and the 
other is hauled upon. The fixed end is 
called the ** standing'' end, the other 
the " rtinning end." Each part of the 
rope contained between the blocks, or 
between either extremity and a block, is 
called a return of the fall. To over- 
haul a tackle is to separate the blocks. 
This should always be done from the 
standing, and not from the movable 
block : to round in is to bring the 
blocks closer together by hauling on 
the fall. When a rope is passed 
through the sheaves of a block, it is 
bent to a curve suiting the radius of 
each sheave passed over. The sheaves 
should be exactly the same diameter in 
each pair of blocks working together. 
Owing- to the stiffness of the rope, and 
fViciion of sheaves on the pin, the 
theoretical power is considerably re- 
duced. The weight any system of 
hiocks will lift is ^und by multiplying 
the power by the number of ropes 
attached to the movable block, includ- 
ing the standing end if fixed to it. 
For example, suppose we have 3 sheaves 
in use in each block, then the additional 
bbwer acquired would be (theoretically) 
D. The average additional power re- 
quired for each sheave to compensate 
for friction is found to be about roughly 
iO per cent. With 3 sheaves in use 
tt^is would be 10 x 3, or 30 per cent. 
Therefore, to raise a weight of one ton, 

2240 
H power of — - + l'31b. = 970 lb. 

^ould be required. In hauling on a 
lall, men exert a pull of about 80 lb., 
or half their weight under favourable 



circumstances. In this case the least 
number of men required would be — 

970 ,^ 

gQ = 12|\y,or say 13 men. 

Therefore, in calculating the advantage 
gained by using blocks, -J^ of the weight 
to be lifted must be added for every 
sheave in use, as shown in B. Suppose 
it is required lo lifl a weight of 12 tons 
with a pair of treble-sheaved blocks 
threaded with a 5-in. rope, the theo- 
retical gain of power is 6 to 1, and the 
power required will be ^ of R the total 
resistance to be overcome, which is com- 
pounded of W the weight to be raised, 
plus the resistance arising from stiffness 
of rope, and friction. Therefore we 
have W + ^ W for each sheave in use. 
Now 6 sheaves are in use, therefore, 
R = W + -^W. 

P the power = 5 = ^^ + t'o ^^ 

6 6 

If 12 tons have to be lifted we have-^ 

p = n±A?£i2= ^. 

6 * 

A good rule for calculating the ** safe 
working " strength of a new rope, of 
white hemp, is to square the circum- 
ference in inches, and divide by 8. For 
instance, the safe working strength of a 

6-in. rope would be -— - = 3J tons. As 

another example we will calculate what 
weight can be raised by a " tackle " 
consisting of 2 treble blocks, rove with 
a fall of 6-in. rope, without exceeding 
the working strength of the rope. 
Here we have by formula 

(1) -J =^i to^s 

as the maximum strain on the- running 
end of the ** fall." Then P = 4^ tons, 
and 6 P = R = 27 tons, as the theo- 
retical weight. For each sheave in use 
we must deduct ^ of 27, or 2 ^ for 
friction. Then as we have 6 sheaves in 
use, 6 X 2yty = 16^, as the total 
amount to be deducted from the theo- 
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retical gain, leaving as the actual power 
27 - 16J\y or lO^ftj tons. 

The following table gives the observed 
ratio of nseful to theoretical work done 
in different tackles with white rope fall, 



VIZ.; — 



TheoreUcal 

power of 

tackle. 



Single 
2:1 
3:1 
4:1 
5:1 
6:1 



Percentage of 
useful work. 



90 per cent. 
81-0 



75 

68- 

el- 
se 





5 




n 



Value of p. 



1 







0" 





Iw 

62w 

45w 

37w 

32w 

28w 



If anything, the table gives a higher 
efficiency than would be obtained in 
ordinary use. It is highly necessary to 
keep blocks in good order, to see that all 
the parts are sound, that the sheaves 
are quite free on the pin and properly 
lubricated. Time spent in attending to 
these important details is well spent, as 
the friction on badly lubricated sheaves 
reduces their efficiency very much. 
Sometimes in using blocks it is found 
that they twist, and cause the rope to 
ride against itself; new rope especially. 
To prevent this twisting, a bar is some- 
times placed through a part of the 
blocks, or at right angles to the 
" returns " close to the block. One of 
the best plans is to lash a handspike 
across the block ; a light line may be 
lashed to each end and act as guys. 
This twisting of the tackles during use 
is a constant source of annoyance and 
waste of power often at a time when 
the power is wanted. 

It has been found by experiment that 
if the blocks are allowed to twist one 
complete turn, the power required to 
overcome friction will be increased 40 
per cent. 

New ropes are bad to deal with at 
first, owing to their tendency to twist, 
or, perhaps we should say, untwist, or 
unlay. It is difficult to uncoil a coil of 
rope without getting it full of " kinks." 
When practicable, the coil of rope 



should be placed on a roller, and the 
end walked away with. Ropes intended 
for reeving "tackles" should be well 
stretched first. In order to do this, lay 
the rope out to its full length ; connect 
one end to the barrel of a winch, and 
the other end to a holdfast, with a 
swivel-eye to admit of the rope unlay- 
ing itself. As the winch is worked and 
the rope made taut, it will begin to 
unlay; continue the strain up to the 
** working strength " of the rope, 
according to the following table of 
" working strengths," when it may be 
left taut for an hour, and then reeved. 

Table of Hawser Laid Cordage, i 



GiTcumference. 


Safe working load in tons. 


in. 


Kew. 


Worn. 


H 


2» 


21 


4 


2} 


2 


3J 


n 


IJ 


3 


i» 


1* 


^ 


* 


t 


2 


i 


li 


1 


i 


1 


+ 


i 



Ropes used with a thimble eye are safer 
than when ropes are slung over hooks, 
or fastened by knots. The hook of a 
block will soon destroy a rope under 
great pressure. It is true economy to 
use eyes where possible and convenient. 
In addition to the " knots " given under 
« Tying and Splicing," p. 368, the follow- 
ing will be found useful in connection 
with blocks. C shows a " selvagee " 
formed of returns of spun yarn in a 
circle bound together. They are used 
principally for attaching the hook of a 
tackle, the "selvagee" being passed 
round the object and hooked into the 
tackle. To make a "selvagee," place 
two pins at a distance from each other, 
equal to the intended length of the 
" selvagee ; " wind returns of spun yam 
round the pickets until the "selva- 
gee " is thick enough ; then bind them 
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together by half-hitches, wilh the run- 
ning end at a distance of 1} in. apart. 

D shows the application to a rope. 
Lay the middle part of the *^ selvagee " 
over the rope, then bring both bights 
under and aroand the rope in opposite 
directions, until the bights are close, 
then place the hook in both bights. 

E shows a double bend, useful for 
bending a small rope on to a larger 
one ; it will be noticed that the smaller 
rope is passed twice round the larger 
one. In F the bend is drawn taut. 

G shows a block hook, with a few 
turns of spun yarn taken round in 
order to prevent its clearing itself when 
hooked to anything, and is termed 
" mousing " a hook. 

H is a fishermen*s bend. Two com- 
plete turns are taken round the ring, or 
other object, through the two turns 
next to the ring, over its own standing 
part, thus forming one half-hitch ; the 
second half-hitch is taken round the 
standing part alone. 

I is a rolling bend. To make it, take 
a half-hitch with the running end 
round the standing part, lash them 
together just beyond the hitch, and size 
the end to the standing part ; each part 
is exactly alike. It is sometimes called 
a " hawser bend." 

Velocipedes. 

Repairs. — Bent Handle Bar. — This is 
one of the most common accidents which 
happens to a bicyclist, and is also one 
of the most easily remedied. If the 
handle bar is badly bent, turn the 
machine upside dowo, so that it rests 
on the saddle and centre-pin head, get 
something to fasten the straight end of 
the handle bar firmly to the floor, then 
take hold of the pedal, and standing 
witli one foot on the bent end, press it 
gradually down until it is straight. 

Bent Crank. — Another of the many 
troubles of a touring cyclist, who if he 
is in a lonely part of the country and 
has a spillj finds on picking his machine 
up that the crank has bent sufficiently 
to stop the front wheel from going 
round. The best way to remedy thjs j§ 



to lean the machine against a wall or 
post with the bent crank inside, i.e. 
between the wall and the wheel ; then 
turn [the wheel until the crank is at 
the highest point, and, standing on the 
pedal, push it slowly down so that you 
do not bend the pedal pin instead of the 
crank. 

Buckled Wheel. — (o) This is what is 
known amongst mechanics as a burst 
wheel. Most bicycle wheels will, if 
properly managed, spring back when 
pulled; this, however, is beyond the 
power of one alone, and is most easily 
accomplished by about four sitting on 
the ground with the wheel laid flat 
between them, and, taking hold round 
the rim, pulling steadily until the 
wheel springs, when in most cases it 
may be ridden many miles without any 
further bother. 

(6) In most cases, if a buckled wheel 
is taken by two persons and twisted 
back, it will jump into its former posi* 
tion, and is often little the worse; if, 
however, it wobbles badly when being 
turned, it may be put right by slacken- 
ing all the spokes, straightening the 
bent ones ; then, casting the eye along 
one side of the wheel rim, the bends 
will be easily seen. These may be 
pressed straight over a block of wood 
on the floor or bench. When the rim is 
thus made straight, tighten up the 
spokes and true the wheel by measuring 
from hub to rim with a lath of wood, 
placing it close alongside of each spoke. 
All this may be done by an amateur 
without removing the tyre, and need 
cost him nothing. 

Bent Backbone. — Although cyclists 
sometimes have the misfortune to come 
a cropper, which is so violent as to bend 
the backbone until it overlaps the front 
wheel, yet it is by no means so common 
an occurrence as the accidents before 
mentioned; however, it is as well to 
know what to do in the worst cases as 
in the more trivial ones. Sometimes a 
backbone is so far bent as to make it 
practically impossible for anyone but a 
skilled workman to bend it back to its 
proper shape ; but there are many in- 
stances when, wjth a little persevef^qcg 
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and a good deal of physical strength, 
one may so straighten it that it can be 
ridden without fear of further mischief. 
To straighten one then, take the back- 
bone out of the head and put it (the 
head) under a heavy weight, or if you 
have a companion get him to stand on 
it, then put a stone or a block of wood 
tinder the place where it is bent and 
press down slowly, because if you jerk 
it you will most likely snap the back- 
bone, which would leave you in a worse 
plight than before. 

Electric Light for, — I have fitted to 
my 52 in. '* Express" an adaptation 
of Glafscorp's light — the motor being 
an ordinary roagneto-electric machine, 
worked by the hind wheel, and aided 
by a small pocket battery. The only 
drawback I find is that when the 
machine is at rest the light is ex- 
tinguished. This is, however, obviated 
in a measure by the use of the pocket 
battery. The carbons are fed by a train 
of wheels actuated by the front wheel, 
the consumption being about 1 in. per 
hour. The apparatus altogether does 
not take up more room than an ordinary 
valise, and the light, to say the least, 
is very steady, giving about 120 candles, 
as shown by a photometer. The mag- 
neto-electric machine is of the ordinary 
type, having a rotatory magnet, and was 
purchased for the purpose for 175. 6d. 
(second-hand). Altogether the appa- 
ratus cost about 5/., and gives me every 
possible satisfaction, as with its assist- 
ance I can see clearly 200 vd. ahead on 
a dark night. (J. T.) 

Eepairing Books. 

Bookbinding has been already de- 
scribed in vol. iv. pp. 228-267. 

Cloth-bound books, that is, books 
which have been sent out by the pub- 
lisher in cloth cases, by reason of the 
demand for cheap books, are, at the best, 
but very imperfectly bound ; and, as a 
consequence, after the first reading they 
require to be repaired — in many cases, 
if the book is worth it, re-bound. This 
is not the fault of the publisher's 
binder; he must do them cheaply 



because the public demand a cheap 
book. 

These books, during the process of 
binding, pass through fVom 10 to 20 
different operations, and the price which 
the binder gets for his complete work 
would hardly cover the cost of sewing 
in other circumstances ; and yet every 
dodge is tried to make them as strong 
as possible, and to wear well in the 
hands of the public. 

Whenever they begin to show signs 
of getting loose, or if a leaf or a section 
comes away, the best plan is to take 
them to pieces and re-sew them and put 
them into the case. We call this " re- 
casing," and if done properly the book 
will last very much longer than it 
would have done in the original bind- 
ing. To do this successfully, proceed 
in the following manner : — Open both 
boards back until they touch each other, 
allowing the book to stand upon one 
end, as shown at Fig. 343 ; insert a sharp 
knife at the back between the case and 
the book, and cut carefully down one 
side through the lining (and tapes or 
cords, if any), then down the other side j 
this will separate the book from^ the 
case. The case may now be laid aside, 
and the book taken to pieces. Begin 
by laying the book upon the bench with 
the front up. The back will thus be at 
the left-hand. Lift the half of the end- 
paper which still adheres to the book, 
and gently but firmly remove it, laying 
it over to the left-hand, with the face 
down. Do not throw it away ; in the 
meantime it will keep the title-page 
clean. Now turn over leaf by leaf until 
you come to a signature : this is a letter 
or a number at the bottom right-hand 
page of every section. The first which 
you will come to is likely to be B or 2, 
and this is likely on page 17. When 
you have found this, give it a gentle 
pull, first from the head, then from the 
tail ; this will expose the thread with 
which the book has been sewn ; cut this 
thread all the way down with a knife, 
and so separate the sheet from the rest 
of the book. Now open this sheet at 
the centre, and remove the threads 
which will be found; then scrape off 
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tbe glue rrom the back of the aheet, snd 
lay it down upon th« end-paper /ac« 
dotcn >t th« Un-huid. Go through the 
book Id the ume way, looking always 
for the aiguatnres, which mil follow 
In alphabetical or numerical order. If 
divided at any other place the iheet 
will be torn, which ihoold be carefully 



Dog-ears can be taken out of the 
learei of a book by damping them 
■lightly with the tongue, as the most 
ready means, and pindiing them across 
the corner with the finger and thumb. 

When the hook has been all taken 
down, the joint is hammered out of it 
— i.e. you will God some of the sections 




avoided. It mBy,hDvreTeT, happen that 
a sheet has been torn erea before the 
" taking-down " was commenced; in that 
case, " tip " the leaf or leaves with paste, 
and lay it carefully along the hack of 
the other part of tbe section. Leaves 
thus pasted do not open up to tbe back 
like tlie other leaves of tbe book, and 
this may be an objection to some people. 
A narrow strip of tissue-paper will join 
two leaves together nicely; they can 
then be placed in the book, and will 
open up as well as any other leaf. If 
a leaf is torn across the page, take a 
little paste upon the finger and paste 
the edgea of the torn part ; place a strip 
of tissue along the tear, both sides, aod 
leave it to dry. It can then be torn 
away, and in doing >o tbe tissue will 
skin or split, and leave sufficient stick- 
ing along where it was pasted to 
thorougliTy roend the tear. Music is 
mended in this way, but it wilt be best 
to paste tbe tissue all over, and leave 
it npon the leaf; the heavy printing of 
the music shows through well enongh 
to be read, and the mend is hardly seen 
at all. 



these A 

When this ia done, it la knecked np 
straight and sawn in for three bands, 
and sewn as already directed. The case 
should now be cleaned inside, alt the old 
lining should be stripped 0?, the back 
strengthened by putting a strip of 
strong brown paper upon iL Tbe book 
is end-pspered, lined, and put into the 
case; the directions for which have 
already been given. 

If a cloth cose is "torn at the joint, do 
not attempt to mend it liy leaing it, or 
even gluing a piece of cloth on the out- 
side of the cover. Take it off tbe book, 
and insert a Hst knife along tbe broken 
part 'to raise tbe doth from the board; 
cQt a strip of binders' cloth as near the 
colour of the case as possible. Glue it, 
and slip it in below the part you have 
raised, glued side to the board, of course ; 
allow it to be broad enongh to coma into 
the hack about hatf-way, mb it down 
well. Now glue the p^ which was 
raised off the cover witb the linger, and 
Isf it down neatly upon the new piece. 
The dotted lines in Fig. 343 will show 
the position of the patch, which rniut 
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be between the board and the cover. A 
corner may be patched in the same way 
by lifting the cover and slipping the 
patch under. If patches of cloth are 
put on the top of the cover, they will 
peel off in no time, and will require con- 
tinual sticking down. 

Cloth cases which have become faded 
or spotted by rain or otherwise, may be 
freshened up by washing with diluted 
glair, about half and half glair and 
water. A large sponge should be used, 
and the gilded parts avoided as well as 
possible. The glair dims the gold. 
After the book has become thoroughly 
dry, it should be rubbed lightly all over 
with a piece of pure rubber (not the 
vulcanised stuff that is used for cleaning 
paper) ; this will take away remaining 
dirt, and brighten up the gold a little. 

Leather-bound books ai'e treated much 
the same. It will, however, seldom be 
necessary to re-sew these, because they 
will have been sewn much stronger than 
cloth books. If the board is torn away 
at the joint, treiit it exactly as directed 
for the cloth book : Take away the case 
and patch it with a piece of leather same 
colour as the original cover, putting it 
between the cover and the board; if 
both boards are torn, remove them and 
the old back as carefully as possible; 
raise up the leather along the back of 
the old boards, put on a new piece 
(bringing it over on both sides), turn it 
in, and lay down the old cover upon 
the top, pasting it well, and, when 
thoroughly dry, paste on the old back 
upon the new one. The book will also 
require new end papers. These can be 
put in from the directions already given. 
Instead of washing leather covers with 
glair, use paste-water. When dry, a 
coat of thin shellac varnish will improve 
the appearance. 

- It is, unfortunately, impossible to re- 
gild them unless they are taken to the 
original binder, who alone has the neces- 
sary tools. New lettering-pieces, how- 
ever, may be made at any binder's, the 
cost of which would only be a few 
pence, and put on over the old one, or 
the old one may be removed entirely 
ftnd the new rne put in it« place. 



Photographic albums are 'a source of 
much trouble. The cheaper sorts are 
after a few weeks* usage very much 
dilapidated, and although we may feel 
proud of our collection of photographs, 
yet we feel ashamed of our album, and 
fail to bring it out when our friends call 
upon us, and thus deprive them pf ^ 
pleasure and ourselves of a means of 
entei*taining them. 

Albums may, however, be patchy 
and mended to look as good as new, and 
may even be made stronger than they 
were at first. The point of weakness in 
albums is the joints. Each leaf has, or 
should have, a joint. In the better 
kinds these joints are made of cloth ox 
leather. You will observe that these 
joints are placed underneath the pap^^r 
forming the leaves. When patching a 
leaf, remove the paper carefully, or 
rather raise it from the joint, take out 
the old one and put in the new one, 
whether it is leather or cloth, and paste 
the paper down again. Go over every 
leaf carefully, and put in new joints 
where required. Take the album out 
of the case. This is easily done, 9s the 
end paper is thick, and only sticking to 
the board at the edges. 

If there has been a lining on the 
back, take it off, and straighten every 
leaf. You will find them shift about 
in all ways if moved by the fingers. 
Glue the back well with good strong 
glue, not too thick, and cut a piece of 
strong linen the length of the back and 
about 2 in. broader ; glue this and put 
it on the back, allowing 1 in. to come 
on each side. Take care to make this 
stick well to the back by rubbing it 
closely with a folder or the handle of a 
tooth-brush. Strengthen the back of 
the case by gluing a strip of brown 
paper inside. Place the album in the 
case again, glue the end-papers, and put 
it in the press. Leave the back open, 
for if glued to the album it will not 
open freely, and the leaves will stand 
up instead of lying flat. 

The leaves are often slit where the 
cards are put in. These can be mended 
as the leaves of a book are mended; 
description already given. (^Eng. l^ecih* 
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NETTING. 

(1) The tools employed in netting are 
exceedingly simple, and can, in case of 
liecessity, be made by any person with 
the aid of an ordinary pocket-knife and 
some pieces of hard wood. The most 
important are the needles on which the 
string to be employed is wound, and the 
mesh pegs or spools on which the net- 
ting is worked.. 

Needles are of two kinds ; those made 
alike at both ends, with converging 
prongs, between which the twine is 
passed (a Fig. 344), and those made with 
an eve and tongue at one end and an 
open fork at the other (6 c d). On these 
the twine is wound by fastening it to the 
tongue, then carrying it down one side 
to the prongs of the fork and bringing 
up the other ; then hitching it over the 
tongue and carrying it down to the fork 
ngain, on the same side as that it was 
brought up, and so repeating the opera- 
tion until the needle has sufficient twine 
wound upon it. The needles made with 
eyes will be found superior to those alike 
at both ends, as they are not liable to 
be caught in the net whilst working. 
They are made of various sizes, accord- 
ing to the stoutness of the cord they 
have to carry, and are modified, so as 
to fit them for various uses. Sometimes 
the eye and tongue are made very long, 
as in 6, which is a reduced representation 
of a needle used by the Hull uetters, its 
advantage being that it carries a large 
amount of twine, the hitches of which 
pass round the sides of the long tongue 
without making a sudden swelling, 
which is very inconvenient to the netter, 
as it prevents the needle being passed 
rapidly through the meshes. 

In case needles of the ordinary kind 
cannot be readily obtained, substitutes 
may be extemporised out of two pieces 
of wire bent as in c, the wires being 
soldered, or, in case of necessity, even 
tied tightly together. 

Short needles, about 4 in. long, are 
required in mending nets. That repre- 
sented in d is an exceedingly convenient 
form; being thinner at the point, and 



carrying the sti'ing sunk in the broad 
grooves on the sides, it passes through 
the meshes with great facility, a point 
of much importance in mending damaged 
nets. Netting needles can be purchased 
of any required size at most cordage 
warehouses, and they are readily made 
from thin pieces of hard wood, such as 
box, oak, ash, &c., by the aid of a com- 
mon fret saw and a half-round file. 

Mesh pegs or spools, on which the 
netting is worked, are best made of very 
hard wood, such as box for the smaller, 
and oak or beech, &c., for those of larger 
size. A considerable number are required 
if various nets are being made, :is the 
size of the openings in, or meshes of, 
the net depends entirely on the size ot 
the mesh peg employed. Cylindrical or 
round mesh pegs, which are sometimes 
used, are much less convenient than such 
as are flat. The edges of flat spools 
should be quite straight ; otherwise the 
meshes of the net will be of unequal 
size ; and they should be very smooth, 
so that the loops will slip off rapidly 
when desired. 

Mesh pegs of the form shown in e are 
used by the Grimsby netters for the sea 
fisheries. They are all 4 in. long, and 
usually made in sets of 5, the number 
being shown by the shallow holes at one 
end of eaph peg. No. 1 is 2^ in. wide 
by 1 in. thick ; No. 2, If in. by f in. ; 
No. 3, 1| in. by f in, ; No. 4 (shown 
in the figure), 1|^ in. by j in. ; No. 5, 
li in. by | in. They have each a hole 
bored through the short diameter for 
the purpose of stringing them together. 

When large meshes are required, as 
in walling for trammels, the mesh peg 
would be too broad to be held by the 
thumb and forefinger, in which case it 
should be made as in /, the hollow part 
passing between the thumb and bottom 
joint of the forefinger of the left hand. 
These mesh pegs can be made of any 
desired width ; but when very wide they 
should be made very short, never 
exceeding a few in. long. 

It is a very common error to call mesh 
pegs or spools by the name of meshes, 
and a great amount of confusion results 
from using one word to signify two 
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things. By the Yamiouth netters a 
mesh peg is sometimes termed a *^ shale," 
and by some writers it is spoken of as a 
mesh pin, or mesh stick. 



diamond or square shaped ; each mesh, 
except those at the sides of the net, has 
four sides and four knots, one at each 
corner. The meshes are formed by net- 
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Netting needles. 

Meshes are the openings between the I ting a succession of loops. The last row 
cords of the net. They are either | netted consists of loops, each of which, 
5 2 
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with the halves of two loops in the 
previous row, constitutes a complete 
mesh. Thus in A Fig. 345, a be are the 
last loops formed, d is one being made 
(the needle and mesh peg are not shown 
for the sake of clearness), is a loop in 
the row previously made, which would 
form part of the next mesh to be made 
if the netting were continued. 

The string or cord on which the net- 
ting is commenced is usually termed the 
foundation. It is shown in /. 

The knot employed in making nets is 
that which is known as the '* weavers' 
knot " or the " bend knot " ; it is used 
not only to join together the ends of the 
cords of which nets are made, but is the 
means by which the loops forming the 
meshes are fastened together, every knot 
in a net being a weavers' or bend knot. 
As the mode of making this knot with 
rapidity is not very generally under- 
stood, and as the knowledge of its 
arrangement is of essential importance 
to the netter, it is necessary to explain 
its formation at some length. The 
simplest mode of making a bend knot is 
as follows : Bend a piece of twine into a 
loop c d Fig. 345 B ; pass the second piece 
of cord through the loop from the 
farther side ; then carry it round behind 
the two cords of the loop, bring it 
forward and pass the end under itself, 
bringing it out at a; pull the end b 
tight, and the bend knot is completed. 
When one of the ends of twine is very 
short (as is usually the case in net 
mending) it can be made into a loop, 
c d, and another piece of twine can be 
securely tied to it, even if the loop is 
only 1 in. long. On looking at the knot, 
it will be seen that it can be securely 
tightened by pulling the end b, which 
bites the end a securely ; whereas if a 
is pulled it slips under 6 without biting. 

The above explanation shows the 
formation of the knot as it is used when 
stout cords or ropes are united by its 
means ; but when it is employed to join 
threads or string, as in weaving or 
netting, a much more expeditious mode 
of making the knot is employed. The 
ends of the two cords to be united are 
crossed on the end of the forefinger of 



the left hand, the cord a b Fig. 345 C, 
being first placed on the finger, and the 
other cord c d put across it. The left 
thumb, the position of which is shown 
by the dotted line, is then placed over 
the crossed cords. The cord b is then 
to be wound round (over the thumb) in 
a circle and passed between the two 
ends, behind a and before c, as shown in 
Fig. 345 D. The knot is completed by 
turning the end c downwards, passing it 
through the loop at «, securing it under 
the left thumb and pulling 6, when the 
knot is formed as shown in Fig. 345 E. 
It is also represented in Fig. 345 B, but 
turned over to show the other side, the 
letters of reference being the same in 
both figures. Facility in making this 
knot must be acquired, as its use is 
indispensable to the netter. 

A knot which will be found of great 
use in shortening or lengthening the 
cords employed in stretching out the 
different parts of a net whilst it is being 
mended is shown in Fig. 345 F. A loop 
of cord a is formed into an eye; through 
this the two ends of the same, or of 
a second, cord are passed and twisted, 
as shown at b; this secures the ends, 
and prevents them slippingback through 
the eye. The great advantage of this 
knot is that, when it is wished to shorten 
the cord, the eye is pushed farther back, 
and the twist or half-bend pulled tight 
down to it. On the other hand, when 
it is requisite to lengthen the cord, the 
reverse proceeding is had recourse to. 

It is not generally known that there 
are two perfectly distinct modes of 
netting; one of these, which is adapted 
for making small meshes, is the only 
one usually recognised ; the other is 
employed for strong work and coarse 
meshes. The former is called the under 
edge, or little finger knot, or, in general 
parlance, simply " netting." 

To commence a net, tie together the 
two ends of the cord forming the foun- 
dation (/ Fig. 346 G), and secure it 
firmly in any convenient manner, as by 
passing it under the foot, letting the 
part to which the netting is to be 
attached reach 3-4 in. above the knee 
when the netter is seated. In making 
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large nets, which are most rapidly exe- 
cuted if the netter works standing, the 
foundation should be fastened to a hook, 
or rod in a wall, placed as high as the 
face of the netter; it then not only 
bears the weight of the net, but also 
supports the left hand, which holds the 
mesh peg. Tie the loose end of the 
string with which the net is to be 
made, which has been previously wound 
on the needle, to the foundation, as shown 
nt d. The mesh peg s is held between 
the thumb and forefinger of the left 
hand, and the knot d is pulled up close 
to its edge. The needle carrying the 
string is brought back over the mesh 
peg, then forwards underneath it, the 
string being caught by the third finger 
r, which should be kept well away from 
the mesh peg as shown in the ^gure; 
it is then carried forwards under the 
mesh peg and then to the left, being 
caught by the thumb as shown at t. 
The loose string is then thrown forward 
on the foundation, and the needle, having 
been brought backwards, is again passed 
forwards through the loop of cord that 
is hitched on the third finger, then 
under the mesh peg, Hud lastly through 
the foundation ; this is the position re- 
presented in Fig. 346 G. The right hand 
is now shifted from the back part of the 
needle to the front end, and it is pullei 
forwards from under the mesh peg and 
throucrh the foundation. By this action 
the loose cord is drawn tight round the 
little finger, and the knot is completed, 
but requires tightening. This is done 
by first loosening the cord under the 
thumb, then allowing it to slip off the 
third finger ; all the slack cord is then 
pulled up by the right hand, and when 
the knot which is thus formed is pulled 
close to the mesh peg (against which it 
is held by the forefinger), the loop is 
allowed to slip off the little finger at /, 
and the string is pulled tight, thus 
completing the knot and netting a single 
loop on to the foundation. In describing 
these movements it is necessary to 
mention them as if they were perfectly 
distinct from one another, but in the 
actual practice of an expert netter there 
is no nause between them, and they 



follow each other so rapidly as to seem 
one continued movement. 

In Fig. 346 G, the thumb and fore- 
finger are shown away from the knot in 
order that it may be seen, but quick 
workers hold the end of the thumb and 
tip of the forefinger together, and the 
second finger holds the knot as it is 
tightened. 

The loop first netted is allowed to 
remain on the mesh peg, and a second, 
which is a repetition of the first, is then 
made, and as many more as may be 
required to complete the first row. 
When these loops are too numerous to 
be conveniently held, they are pushed 
off the left end of the mesh peg. The 
loops in the first row netted do not form 
complete meshes, but when the mesh 
peg is withdrawn appear as in Fig. 346 
H, which shows a foundation with three 
loops netted on it and a fourth not 
tightened up. If the foundation is 
pulled out before a second row of loops 
is netted, the knots become loose, and 
the string lengthens into a straight 
cord. 

When the required number of loops 
has been made, the mesh peg is pulled 
out and the foundation and the row of 
loops are turned over, so as to bring the 
under side on top and the right hand 
end to the left. The netting is then 
recommenced in the same manner, with 
this difference, that, instead of passing 
the needle through the foundation, it is 
passed through the loops of the row first 
made ; these being taken up in succession 
one after another. The mode in which 
a loop is taken up is shown in Fig. 346 J, 
where two loops of a row are shown on 
the mesh peg and a third in the process 
of formation (to avoid confusion, the 
other parts of the net are not shown). 

Netting on to a row of loops is done 
with much greater facility than netting 
on a foundation cord, ^ and should be 
practised by the learner in the first 
instance, if he can obtain a teacher to 
net a few rows for him to begin upon ; 
the first loop on a foundation is more 
troublesome than those following, as the 
foundation cord is not kept close up to 
the mesh peg. 
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In looking at the loops made in net- 
ting, it will be found that they are 
united by weareiV or bend knots, as 
shown in Fig. 846 K, the bend being 
formed by the loop that is taken up, and 
the cord 6 being that ntta(fhed to the 
needle. It follows that if & is pulled tight, 
it bites securely upon a, and renders 
the knot firm and difficult to unpick. 

In 1845 Every described a different 
method of holding the mesh peg, which 
he terms the spool, by which he claimed 
to gain a considerable increase in speed. 
He says there is nothing which tends so 
much to swiftness in netting as a proper 
and loose or easy way of holding the 
mesh peg ; this will be best understood 
by an examination of Fig. 347 L, which 
gives the true position of the fingers at 
the commencement of the stitch : it is a 
method not generally known, but by far 
the best, giving such perfect freedom to 
the hand, and so open a space for the 
needle to pass through. 

It is convenient to hold the mesh peg 
at an angle of forty-five degrees; indeed, 
that is the natural position when the 
fingers are properly placed. It will be 
evident, upon an inspection of the figure, 
that the thumb and first finger hold the 
mesh peg, leaving the three remaining 
fingers perfectly at liberty to stretch 
out and hold up the next mesh or loop 
to be taken, besides drawing back to 
free themselves from the string, at the 
proper moment during the operation of 
forming the knot. 

Speed has been increased 300-400 
knots per hour by adopting this method 
of holding the mesh peg. In netting 
with fine string upon a peg about 1 in. 
wide, which is the most favourable size 
for speed, one can average about 1300 
knots per hour: the greatest number 
that can be effected in the above time 
being 1750, all circumstances of course 
favourable. 

In the common method of holding the 
mesh peg, it is inconvenient to pass the 
needle between the mesh peg and fore- 
finger, where there cannot be any open 
space to admit of the needle being thrown 
through, as it should be; in addition 
to this, there is another disadvantage. 



namely, the cramped state of the other 
fingers, .which cannot free themselves 
properly from the string at the time 
when it is being drawn up for the knot. 

As to the method of making the knot : 
The mesh peg being in its place, with 
the forefinger turned behind it, under 
the netting, and the needle in the right 
hand, with the string stretched out, the 
first part of the operation is to pass the 
needle round the end of the mesh peg 
to the right, laying the string over the 
second and third fingers, then taking it 
forward and catching it under the end 
of the thumb, where it is held whilst 
the needle passes back again, throwing 
the string forward on the net already 
made, at which instant the left hand 
should be turned with the knuckles down- 
wardSy and the two fingers having string 
upon them should be stretched forward 
under the mesh about to be taken ; In this 
position there is an open passage for the 
needle, which has passed round, and is 
thrown through, being caught on the 
other side; as it passes through, the 
string gets on the little finger, and the 
other two may be withdrawn at once ; 
therefore, on the needle being snatched 
back, one pull ties the knot, without 
any sawing or trouble, which always 
occurs to some extent in the common 
method. The movement here described 
cannot be properly effected unless the 
netting is laid over a table, or something 
by which it is held up on a level with 
the hand, a position much more favour- 
able for speed than when the net hangs 
down. 

Keid says that £very*s method is a 
well-known mode of holding the peg, 
and one which comes quite naturally to 
learners, but in the first lessons to his 
workers it is especially avoided, as it is 
considered the very worst form of hold- 
ing the mesh peg. The importance of 
this to a worker is very great, as, should 
the habit be contracted, the value of the 
work would be diminished 50 per cent., 
both in speed and quality of work, and 
any worker would be discharged if found 
using her tools in this manner. 

In a correspondence which took place 
in The Field some years since, F. Allies 
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stated that, with an inch spool and 
patent thread, a quick natter oaght to 
more than doable the rate of speed 
claimed by Erery, and net at the rate 
of 3600 loops per hoar. (T.) 

(2) The instruments for netting con- 
sist of a needle a, and a mesh 6 (Fig. 
346 M). From 8 in. to 10 in. is a go^ 
length for the needle, while the mesh 
stick must vary according to size of net. 
A mesh stick will make a mesh twice 
its own size. Thus, a stick ) in. square 
will make a 1 in. mesh. To fill the 
needle, pass the string around the tine, 
or inside point, round the heel of the 
needle, then up round the tine again, 
until the needle is full. Fasten the end 
of the string to a hook and tie a loop in 
it N. Lay the mesh stick underneath the 
string, and pass the needle up through 
the loop (346). Pull it tight, so 
that the end of the loop rests against the 
mesh stick P (347). Now comes the im- 
portant part — the formation of the knot. 
Hold the mesh stick in your left hand 
with the thumb on the string, and with 
the needle in the right hand ; now with 
a quiok jerk throw the bight or loop of 
the string over the stick and left wrist, 
as shown in R. Push the point of the 
needle up between the fii*st loop made 
and the string to the left of it, pull the 
needle through, and bring the knot into 
shape S, then tighten by pulling the 
needle in the direction of the dotted 
lines, and the knot is tied. This simple 
knot is the foundation of all net-making, 
and once succeed in that and you will 
very soon be able to manufacture almost 
anything. Slip out the mesh stick and 
take the same stick through the loop 
you have just made, and so continue on, 
passing the needle every time through 
the last loop made, until you have made 
enough. By the time you have made 
as many as you think requisite, your 
work ought to look something like T. 
Unfasten the end from the nail and 
untie the first loop made. Pass a piece 
of cord through the upper row of 
meshes, tie the ends of the cord together, 
and hang it over the hook. Go on with 
the work as before, only do not slip the 
loop ofT the stick 4s v^t first, Knot 



through / Fig. W, then through e^dyC^ 
and so on, until you hare travelled along 
the whole width. Then turn the work 
over and travel back again in the same 
manner. Presuming the string breaks, 
or you wish to join another ball, the 
way to do it is with a *' becket-hitch," 
commonly called a ''weaver's knot.*' 
Form a bight, pass one part up through 
it, then over, under and back through 
its own loop, as in X. 

(3) Lawn Tennis Nets. — There are 
many persons who are thoroughly fa- 
miliar with the ordinary method of 
netting — ^that is to say, as far as making 
the loops and meshes is concerned — who 
do not know the construction of square- 
meshed nets, such as are required for lawn 
tennis and other similar games. The 
following instructions will enable anyone 
capable of making the ordinary diamond- 
shaped netting to construct also square- 
meshed nets for tennis or other purposes. 
In making nets in which the meshes 
are of large size, the spools or mesh pegs 
are usually flat. When very large they 
become awkward to hold, in which case 
it will be found much more convenient 
to have them cut the shape shown in 
Fig. 344/ than to allow them to remain 
of equal size from end to end. In using 
these spools, the base of the thumb goes 
into the deep notch shown at the letl; 
extremity of figure. 

By the term loop, we mean the loop 
formed around the spool, as each knot is 
made in succession, the last row netted 
always consisting of a series of loops, 
each of which, with the two loops of the 
preceding row into which it is knotted, 
constituting a complete mesh. 

In making square-meshed netting it 
is necessary to be able to make the knots 
in a different manner from that usually 
adopted, to net in fact with the fisher- 
men's knot. This is done as follows : 
Let the spool and netting be held in the 
usual manner. Then, to make a new 
loop, bring the needle backward over 
the spool ; then carry it forward under 
the spool, but witfiout catching ike atrimj 
on any finder. Pass the needle upwards 
through the loop that is to be taken up, 
and pull it close up to the spool, seJiEine 
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the twine passing through the loop with 
the forefinger and thumb of the left 
hand. The loose tw ine should be allowed 
to fall over to the left, and down in front 
over the netting; and the needle should 
then be passed upward between the loop 
that is being taken up and the last one 
secured, (kt tightening the loose twine, 
the knot is completed. 

This mode of netting is shown in Fig. 
347 Z, where the twine may be traced 
from the last-formed knot round the 
spool, through the loop, then to the left, 
where it is secured by the thumb ; the 
loose twine is shown lying over the 
netting, and the point of the needle is 
just inserted behind the loop that is 
being taken up. To finish the knot, the 
needle must be pulled through, and the 
string drawn tight. 

A very slight examination will show 
that the knot made by this method is 
the same as that resulting from the 
common mode of proceeding. 

In reality the stitch is much more 
simple than the one ordinarily used, and 
can be made with very much greater 
rapidity. It necessarily follows that 
anyone used to the old mode will find 
this new plan awkward at first, and will 
fail to net as neatly as before ; but the 
strangeness is soon overcome, and great 
rapidity attained. With stout cord the 
advantage is very great; there is no 
sawing of the twine required to tighten 
the knot, consequently no fraying either 
of the twine or the fingers. 

Another immense advantage possessed 
by this knot is that it can be made, 
using one, two, or three fingers instead 
of the spool, and with a short end of 
the string without a needle, so that 
in mending nets it is really invaluable. 
Two points, however, we have omitted 
to mention: the method is not adapted 
to very small netting, and it is always 
necessary that the spool should be larger 
than the needle, otherwise the latter 
sticks in passing between the loops. 
Again, there are certain stitches that 
cannot be made in this manner, such as 
the first row or foundation of a diamond- 
nneshed net. 
Piamond-Tneiihed nets are commenced, 



as is well known, by netting a number 
of loops into a foundation, and when as 
many as are required are made, netting 
a second row into the first. 

Square-meshed nets, as shown at 
Fig. 348 A, are made by commencing at 
one angle or comer, and netting diago- 
nally across the square to the opposite 
comer. In beginning a square-meshed 
net, one loop a Fig. 348 B, is first netted 
on to the cord which is used as a founda- 
tion ; this loop may be of larger size, as 
it is only temporary, being removed 
when the net is completed. The spool 
is then withdrawn, and two loops are 
netted into the one first made ; the last 
of these two should always be made with 
what is known as the fishermen's knot, 
as, if made in the ordinary manner, a 
lopsided knot is the result. The spool 
is again withdrawn from these two, and 
a new row is commenced ; this will con- 
sist of three loops, two being formed by 
taking up the last loop of the previous 
row twice. The netting is to be con- 
tinued in the same manner, the last looj) 
of every row being taken up twice. By 
this means a half-square of netting will 
be formed, of which the last row is the 
diagonal, and the two sides a c and a 6, 
Fig. 348 A, form the selvedges ou each 
side of the half-square. When the sides 
of the square are of the required length, a 
single row should be netted without the 
extra loop at the end ; and then, to form 
the remaining half of the square, the 
rows should be continued, but with this 
difference, that, instead of netting two 
loops into one, as before, the last two 
loops tn every row should be taken up with 
the needle togdher: thus the width of 
the netting will be gradually diminished 
to one mesh, and when the net is 
stretched out it will be found a comj lete 
square formed of square meshes, as 
shown at Fig. 348 A. 

In order to make the angle neater, 
the spool should be withdrawn before 
the last knot is tightened, so that the 
last loop is made to come into the angle ; 
and the first knot should be untied, and 
the large front loop a Fig. 348 B also 
drawn up tight, so as to render the net 
correct in shape. 
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The netting of an oblong net, such as 
shown in Fig. 348 C, is a rather more 
complicated matter. This is commenced 
with a half-square as before, the length 
of the sides determining the width of the 
net. This done, at the end of the next 
row the last two loops are to be taken 
up at once ; but on returning to the end. 
of the succeeding row, two loops are to 
be netted into one as before, and this 
alternation is to be continued. At the 
end of one row toco loops are to he taken 
up at cnce, and at the end of the next 
rovo txoo loops are to he netted into one. 
The side at which the latter is done — 
a c d — will be the long side of the ob- 
long, and when this is of the required 
length, two loops are taken up at each 
end of each row ; and the net diminished 
to the point e. 

In making an oblong great care must 
be taken always to diminish or increase 
nt the proper sides of the net, otherwise 
a confused mass of useless netting will 
be the result. This error is easily avoided 
if a few threads of coloured string or a 
riband is tied at the angle 6, to show 
which side should be .diminished by 
taking up two loops in one. 

This proceeding may perhaps be ren- 
dered clearer by a consideration of 
Fig. 348 D, in which a is the first looji 
Five rows are then netted, each being 
increased by netting two loops into the 
last of each row, maicing the half-square 
a b and c. Then on returning to 6, two 
loops are taken up together, and at the 
side a c d two loops are netted into one, 
and when the required length a to J is 
reached, two loops are taken up together 
at the end of every row and the net 
diminishes to a point completing the 
oblong. 

A lawn tennis net of the M.C.C. regu- 
lation size is 5 ft. high by 8 yd. long, 
and the mesh is 1^ in. square. The 
strongest and most durable cord to em- 
ploy is that called mattress twine, the 
usual price being about 6d. a ball ; 10 
balls are generally required for an 
ordinary-sized net. 

To make a net of this size a half- 
square of 40 rows would have to be 
made before one sideshould be diminished 



by taking up two loops in one, and then 
the long side a c d should be continued 
for 192 rows before diminishing to the 
corner e Fig. 348 C by taking up two in 
one at both ends of every row. 

It is hardly necessary to add that a 
net of 10 or 12 yd. length for double 
games can be made by simply continuing 
the side a c d until the required length 
is obtained. 

(4) Mending Nets.— The ability to 
mend nets is an art of rather rare occur- 
rence; except amongst tishei*men and 
their wives, there are perhaps 100 per- 
sons who can make nets for every one 
who can repair them when damaged. 
The first step towards acquiring this 
power consists in learning to make a 
bend knot. This has been already de- 
scribed (p. 386) and illustrated (Fig. 
345). A knot, which will be found of 
the greatest use, not only in fastening 
the cord to which the foundation of a 
net is attached, but also in stretching 
out the different parts of a net whilst 
it is being mended, has been described 
on p. 386, Fig. 345 F. 

It is impossible to mend nets by 
using the ordinary netting stitch which 
is employed by most persons. What is 
termed the fishermen's mode of making 
the knot is absolutely necessary. This 
was described fully on p. 392. In 
mending a torn or damaged net, the 
first operation is to spread the net out 
as flatly as possible, with the loops in 
the same position tcith regard to the 
mender as they were to the nettcr when 
the net was made. In the case of a 
lawn-tennis net the corner or angle at 
which the net was commenced must 
be farthest from the operator. The 
damaged or torn part must then be cut 
away in regular rows, as shown in Fig. 
349 E, where the whole of that part 
represented by dotted lines is supposed 
to have been removed. The short ends 
of string that are knotted into the 
loops 2, 3, 4, 5, and 6 must be un- 
picked, when those loops will remain 
uninjured ; and the knots at 14, 15, 
16, 17, and 18 must also be unpicked, 
so as to liberate the loose ends of those 
loops that have been cut away ; but 
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the knots at the sides of the part 
removed, viz., at 1, 13, 7, and 19, must 
be left, otherwise those loops would be 
opened, which is not requisite. 

The mender should then take a short 
needle (one of those alike at both ends 
is most conrenient for mending); fill 



to form the new loop being ascertained 
by measuring from 1 to a. 

When there are a large number of 
meshes to be filled in, a spool may be 
used, but when there are only a few it 
is neither necessary nor deiirable to 
employ one. 
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it, but not over-full, with twine of the 
same size as that used for the original 
netting ; or twine -slightly finer may 
be employed, as, being new, it will bie 
stronger than the old. The end of the 
twine should then be fastened by a 
bend knot to the loop 1, the needle 
passed upwards through loop 2, then 
the twine should be taken between the 
thumb and fore finger of the right 
hand, and a length measured equal to 
the distance from the knot at 1 to just 
beyoad the knot at a, this gives the 
exact length of twine required to form 
the new loop from 1 to 2 ; this new 
loop is caught on the little finger of 
the left hand, and pulled back ; the 
point of the old loop 2 and the cord 
passing through it are held by the 
thumb and fore finger of the left hand, 
the loose twine is thrown over to the 
left, the needle is brought to the right, 
and the knot is completed by passing 
the needle under the loop 2 from right 
to lett. In short, the loop 2 is taken 
up by the fishermen's knot, only made 
on the little finger, instead of on a 
spool, the length of the twine required 



The new loops from 2 to 3, 3 to 4, 4 
to 5, and 5 to 6 are made in the same 
way, and then the side 6 to 7 must be 
made by netting into 7 as into a lo p. 
This completes the fir&t row of new 
loops. 

The second row has now to be netted 
into the first. If performed as re« 
commended, without a spool, it may le 
worked backwards from right to left 
with great facility ; or the netting may 
be turned over on to the other side, 
when the second row can be completed 
in the usual direction, from left to 
right. 

In this manner the space cut away 
must be filled' up, until the last row is 
reached ; this requires different treat- 
ment. In Fig. 349, 3 rows of loops only 
are shown as having been removed. 
When the second has been entirely 
replaced, the twine will be attached to 
the knot at 13 ; to complete the repair 
pass the needle through the loop 14, 
and secure it by a bend knot, 14 being 
the loop of the bend knot, nnd taking 
care that the side 13 to. 14 is of the 
proper length ; then knit into loop 12 
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from 14, return to 15, and so on, 
connecting the whole in the following 
order— 11 to 16, 10 to 17, 9 to 18, and 
lastly 8 to 19, which completes the 
repair. Of course the reparation of 
larger rents and more extensile damages 
is only an extension of the same proceed- 
ing as is here described with reference 
to three rows of loops. The description 
of this process doubtless appears tedious, 
but the performance is, with a little 
practice, sufficiently easy. (T.) 

Walking Sticks. 

(1) At the present time there is, com- 
paratively speaking, no limit to the 
material that can be turned to account 
for the purpose of walking and umbrella 
stick making ; indeed there is always a 
keen look out being kept up for new 
sources of material, and a constant 
introduction of novelties, both in the 
sticks themselves and in the adaptation 
of them to meet the demand of fashion. 
So great, varied, and numerous are these 
demands, that of late years, especially 
in Continental countries, many persons 
have taken up with the cultivation of 
sticks of certain kinds, exclusively to 
supply the walking-stick market. In 
this country, land is generally of too 
high a value for it to be placed under 
such a system of culture, though quite 
recently large quantities of ash saplings, 
in which the roots have all been directed 
in one way to form what is known as 
cross-heads, have been grown in the 
county of Surrey. 

Some 20 years ago the first collection 
ever got together illustrating the ma- 
terials used for walking sticks was pre- 
sented to the museum of the Royal 
Gardens, Kew ; and quite recently this 
cullection has been entirely revised and 
augmented by the same firm which 
originally presented it, namely, Henry 
Howell & Co., of Old Street, St. Luke's. 

Forest produce from all parts of the 
world is here deposited. From the East 
and West Indies, Singapore, Java, China, 
and other eMtera conntries, are derived 
a great variety of sticks, principally, 
however, belonging to the bamboo and 



palm tribes. The sticks, fls required for 
the workshops, are drafted from the 
stores. Some are so crooked that they 
require a great deal of straightening 
before anything else is done with them, 
and this straightening process is one of 
the most interesting and remarkable. 
On the top of a very hot stove is a heap 
of sand, in which the sticks are plunged, 
and kept there till they have become 
quite pliable. The workman then takes 
the crooked stick while it is still hot 
and inserts it into a notch cut in a stout 
board, placed at an angle inclined from 
him, and bends and strains it, occasior- 
ally casting his eye along it to see that 
it is straight, and when perfectly so it 
is thrown down to cool, and when cold 
it is quite rigid, without the slightest 
fear of it ever going back to its natural 
crookedness. In this way some of the 
most irregular and apparently worthless 
sticks are made to assume an appear- ' 
ance almost impossible, when we consider 
that the workman has nothing but 
practice and a well trained eye to guide 
him. Heat is a very important element 
in the manipulations of a stick-maker, 
and produces very different effects on 
the several kinds of woods, the degree of 
heat necessary to straighten one kind of 
stick being often sufficient to completely 
spoil another kind. The same power 
which makes a crooked stick straight is 
applied to make a straight one crooked, 
and so w^e find that the rigid stems of 
bamboos, partridge canes, and all the 
various kinds of English sticks which 
are required to be curled or twisted, are 
by the application of heat made to 
assume almost any shape or form. 
Thus, ladies' sunshade handles at the 
present time, especially those of bamboo 
or partridge cane, are twisted and even 
tied into double knots. 

By far the largest number of sticks 
used are those known as natural sticks, 
that is, saplings of trees or climbing 
plants, where the roots have sufficient 
character to form handles or knots. 
These are always more in demand, 
whether for walking, umbrella, or sun- 
shade sticks, than those that are cut 
from the solid, like letter-wood, ebony, 
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boxwood, beef-wood, partridge-wood, &c. 
Messrs. Howell, with the Tiew of biing- 
ing to light undeveloped resources, hare 
had some notes drawn up and circulated 
amongst their correspondents, on the 
])oint8 to be observed in collecting raw 
sticks, canes, &c., for walking sticks, 
umbrella handles, &c. The total length 
should not be less than 42 in., end to 
end, and if possible they should be 48 in. 
The best sizes are of the diameter of 
H-l in., measured about midway ; they 
should not be larger than 1^ in. It is 
indispensable that the diameter should 
gradually diminish from the root, or 
handle, to the point, so that the stick is 
not "top-heavy.** It is always better, 
when possible, to send sticks with some 
kind of handle ; if the plant be pulled 
up, the root should be left quite rough 
and untrimmed ; if a branch be cut off, 
a part of the parent branch should be 
left on to form a knob or crutch handle. 
Sticks without handles can be used, 
especially if they are nicely grown and 
have any peculiarity of structure or 
colour ; but if there is any handle, how- 
ever small, it should not be cut off. 
Young saplings of the different kinds of 
palms, bamboos, &c., should always 
have the root left on. Occasionally 
the form of the root or handle part is 
attractive, while the stick itself is weak 
and defective ; in such cases the handles 
only should be sent, and they should 
measure 15-18 in. long. In sending 
specimens of new sticks, it is better to 
send only small quantities, say one or 
two dozen, at most, of each kind, then 
if approved, further quantities can be 
asked for. Specimens of anything re- 
markable for form or colour, whether in 
the roots or stems of woody, herbaceous, 
or reedy structures, should be sent, as 
sometimes the most unlikely things are 
found to possess value for use either as 
umbrella handles or walking sticks. 

It will be seen from these notes that, 
as before stated, the chief demand is 
for natural sticks, many of which lend 
themselves readily to the varied designs 
so necessary for ladies* sunshades. Not 
many years since the whole of the 
madiinery in use was worked by hand. 



but in consequence of it being necessary 
to turn out very large orders with great 
rapidity, steam power was introduced, 
which sets in motion band and circular 
saws, planes, and rasps, with the result 
that a stick of the toughest description 
can be converted into a marketable 
article in a very short time. So dex- 
terous do the workmen become in the 
use of these tools that they seldom make 
even the slightest error in their work, 
and the rapidity with which the workers 
in gold and silver mounting perform 
their delicate manipulations is remark- 
able^ Besides the precious metals, a 
great variety of valuable stone mounting 
is effected in this department, amongst 
the stones used being Mexican onyx, 
agate, jasper, various marbles, and occa- 
sionally even the more precious stones, 
including diamonds. Ivory, horns of 
all kinds, rhinoceros, buffalo, stag, sea- 
horse, walrus tusks, &c., are also largely 
used. 

In enumerating the materials used in 
the manufacture of walking sticks it 
has been thought best to classify them 
in alphabetical order according to their 
commercial names. Though the follow- 
ing is a fairly complete list, and repre- 
sents most of those exhibited in the Kew 
Museum, it is by no means an exhaustive 
list, additions being frequently made. 

Acacia. — ^The name of this stick desig- 
nates its peculiar colouring rather than 
its botanical origin, and any stick that 
is sufficiently strong, and lends itself 
readily to artificial colouring, is used, 
such as crab, dogwood, &c. ; the speci- 
mens at Kew are the produce of a hard- 
wooded shrub or small tree, found in the 
forests of Mid and Southern Europe, 
probably belonging to the dogwood 
order. The sticks, in their prepared 
form, have found much favour for ladies' 
umbrella and sunshade handles. They 
are made in various shapes, but the 
colour is generally bluish or greyish, 
with a metallic lustre, and occasional 
dark streaks. 

Apse or Asp. — ^This is the wood of the 
aspen (^PopiUus tremida) ; it is very 
light both in colour and weight, and has 
little else, perhaps, to recommend it for 
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walking sticks. . The supply is obtained 
from our own country. 

^sh {Fraxinus excelsior). — ^This tree 
furnishes a variety of sticks, known in 
trade under difierent names, as, for in- 
stance, the root ash, which consists of 
the saplings with the roots attached, 
which form the handle ; then there is 
the cross-head, in which the roots, in- 
stead of forming a somewhat globular 
knob, take a twist at right angles from 
the stem. These, as has been before 
stated, have been grown, and so directed 
during their growth, on a large scale in 
Surrey during the last two or three 
years. The figured ash is another form, 
in which the bark has been scarified into 
various designs during growth, and on 
healing has left a permanent marking. 
These latter are, perhaps, more curious 
than beautiful, but still they have their 
admirers. The ash can be treated in 
various ways with the bark either left 
on or removed. Some of those with the 
bark remaining, when properly cleaned, 
dressed, and polished, make very pretty 
sticks, and are not unlike those of the 
orange. 

Bamboo. — ^The bamboos furnish a 
great variety, and a very large bulk of 
the material used by the walking-stick 
maker. They come, of course, chiefly 
from the East, but their botanical 
sources are difficult to determine. 
Amongst those which may be called true 
bamboos, namely, those furnished by the 
genus Bambma, may be mentioned the 
Whampoa bamboo, probably the produce 
of Bambusa meiake. They are noted for 
their irregular jointing ; they are of a 
clean, lemon -yellow colour, and not 
long since were much used for sunshade 
handles. They are imported from 
China. The yellow bamboo and the 
black bamboo are also well known, their 
colours being indicated by their com- 
mercial names. These canes are im- 
ported from Japan and China, and are 
no doubt the produce of species of 
Bambusa^ as is also probably the beetle- 
cane, so named from its intensely black 
colour and its scaly appearance near the 
root, which, however, makes it very 
pretty. This is also the product of a 



Chinese species. The dog-head bamboo 
is not a true bamboo, but is furnished 
by a species of Arundinaria, a closely- 
allied genus. The name dog-head has 
been given to this stick from the natural . 
growth of the rhizome roughly repre- 
senting the head of a dog, so that it is 
easily carved and converted into good 
representations of dogs' heads. These 
sticks are imported from China. 

Bakow. — This is apparently the pro- 
duce of a palm, but at present its origin 
remains unknown. The sticks are im- 
ported from Singapore. 

Bay Tree or Laurier Thyn. — ^These 
sticks are apparently the produce of a 
species of Eugenia^ though nothing 
definite is known about them. The 
wood is very hard and close-grained, 
almost white in colour, but with a 
cinnamon brown bark covering the 
irregular root, which makes good han- 
dles for umbrellas. They are imported 
from Algeria. 

Beef- Wood. — ^This wood is of a dull 
reddish colour, close and even grained. 
It is apparently cut from the trunk of 
a large tree, perhaps that of Ardisia 
coriacea. It is imported from Cuba. 

Beetle Cane. — See Bamboo. 

Birch. — The saplings of Beivla alba. 
The roots make good handles, and the 
supply is obtained from our own country. 

Blackthorn. — This well-known hedge 
plant, known also as the sloe {Pruntis 
spinosa), makes excellent walking sticks. 
There is always a demand for them, for 
when properly dressed and polished 
there is no other stick that has so dark 
a coloured bark. Latterly there has 
been a large sale for a special kind of 
blackthorn brought from Ireland, and 
known as Irish blackthorns. They are 
distinct from the ordinary blackthorn in 
being flattened instead of cylindrical. 

Black Tork. — ^The botanical origin of 
this stick has not been determined. It 
has a dark-coloured bark, and the root 
forms an irregular knotted handle. The 
wood, which is hard and close-grained, 
forms a very rigid stick, revealing, when 
the bark is taken off, a dark brown wood 
with occasional light patches. It 19 
imported from the West Indies, 
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Boxwooi, PersUiL^ThU ia the trae 
box (Buxus Minperptfimt), the wood of 
which is so well known as to need no 
description. The irregularity of the 
branches recommends i^ when peeled of 
its bark, for walking sticks, and the 
sticks cut out of the solid trunk make 
good umbrella sticks, besides which it is 
often carved into various devices for 
ladies* sunshades. Another kind of wood, 
very similar in appearance to true box, 
but known as West Indian boxwood, is 
used to some extent for the same pur- 
poses. The West Indian boxwood of 
botanists is Vitex umbrosa, but this wood 
does not agree with that, and at present 
cannot be satisfactorily identified. 

Briar. — This is also the produce of a 
West Indian tree {Zanthoxylun Claot' 
Herculia), the bark of which is tubsrcu- 
lated, or warted, for which reason it is 
valued for walking sticks. They are 
imported from the West Indies. 

Cabbage, Jersey. — A well-known 
variety of the common garden cabbage 
{Brassica olerx^.eci), the stems of which 
grow in the Channel Islands to a height 
of 10 or 12 ft. 

Carob or Caroubier (Ceratotwi Si't- 
qui). — A branching tree about 30 fb. 
high, native of the Mediterranean coast. 
The knotted and irregular branches, 
when straightened, make excellent walk- 
ing sticks. They are imported from 
Algeria. 

Carolina Reeds. — ^These are slender, 
bamboo-like canes, the produce, ap- 
parently, of a species of Arandimria, 
They are imported from China. 

Cedar-Wood. — ^This is the wood of 
the common pencil ceiar (Junipens 
virginiana). It is only occasionally 
used, and is too well known to need 
description. It is imported from North 
America. 

Cherry (Prunw oerasas). — Of late 
years this has become a very important 
stick, both for walking sticks and sun- 
shade handles. Two distinct forms of 
the cherry are known in the stick trade, 
namely the scented and the tiger cherry. 
The former has a dark brown bark, 
which has a peculiarly sweet scent, and 
in conseguence, is seldom or never 



polished, the effect of which would, of 
course, be to kill the perfume. The 
tiger cherry has a bark with patches 
of a beautiful golden lustre, which is 
heightened by the addition of polish. 
These sticks are imported in large 
quantities from Austria and Hungary, 
where the growth for pipes and walking 
sticks constitutes a staple industry. 

Chestnut. — ^These are branches or 
saplings of the Spanish chestnut (Cos- 
ianea aativa). When peeled the wood 
is of a very light colour, but is hard 
and durable. The sticks are obtained 
principally from France. 

Coffee. — ^These sticks are the produce 
of the ordinary or Arabian coffee-tree 
(Cofea arahica), and are brought here 
from the West Indies. They are very 
hard and heavy, with n light-coloured 
bark, and have but little to recommend 
them. 

Cork. — The produce of the cork oak 
(Qieroui Suber). Though these sticks 
are somewhat clumsy in appearance, 
owing to the thick and rugged deposit 
of bark or cork, they are light in weight 
from the same reason. They are im- 
ported from Spain and Algeria. 

Crab. — ^Two kinds of stick are fur- 
nished by this plant — the wild form of 
the cultivated apple (^Pyras malus)f the 
plainer sticks being known as crab, and 
the knotted or irregular sticks as 
warted crab. They are the produce of 
our own country, though some are im- 
ported from the Continent. 

Date Palm. — ^These are the midribs of 
the leaves of this well-known palm 
{Phcmix dactyliferd) with the leaflets 
cut off, rounded and smoothed, and then 
polished. They are imported from 
Algeria. 

Dogwood {Comus sangumea), — ^This 
is a well-known shrub of our own 
hedges, the wood of which is hard and 
not liable to splinter ; hence it was at 
one time much used for butchers' 
skewers. These properties, together 
with those of rigidity and lightness, 
have caused the sticks to become very 
much in favour with walking-stick 
makers. On this account they are much 
used for the *' pillars" or sticks of 
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umbrellas and sunshades, often having 
other handles or knobs fixed to them. 
They are imported in large quantities 
from France, Germany, and other parts 
of the Continent. 

Ebony. — Several kinds of ebony are 
known in the trade as Ceylon, Macassar, 
and flowered ebony. The two former 
arc the produce of Viospyros ebenum, 
and the latter of a totally different 
plant, namely, Bryn ebenus. The first 
is a native of Cevlon and India, and 
furnishes the best true ebony, while the 
second is a small tree, native of the 
West Indies, and is sometimes known as 
green ebony and cocus-wood, so much 
used for making flutes. The ebonies 
furnish very choice sticks, which are 
cut from the solid wood. 

Eucalyptus. — ^This, as its name im- 
plies, is the produce of Eucalyptus 
GlobuluSy better known, perhaps, as the 
blue gum. It is a native of Australia, 
but has been introduced into many 
other parts of the world. The supply 
for the stick trade comes from Algeria. 

Fullers' Teazle {Dipsacus Fullonwn), 
—This plant is probably only a culti- 
vated variety of the common teazle 
found wild in our copses and hedges 
(Dipsacus syhestris). The plant is cul- 
tivatod in some parts of this country, as 
well as in France and Germany, for the 
Fake of the hooked bracts of the flower- 
heads, which are used for teasing or 
carding cloth. The adaptation of the 
stems for sunshade handles is very 
singular, for most of those used for the 
purpose are fasciated or abnormally 
twisted in the process of growth, so 
that they become double or treble their 
normal size. This fasciation was at one 
time considered to be unusual in the 
teazle, and their appearance a few years 
since in thousands as sunshade handles 
came as a surprise to the botanist. It 
exemplified, however, what has been 
before said, how apparently useless pro- 
ducts can be made subservient to the 
demands of commerce. Teazle stems are 
imported from France. 

Furze, sometimes also known as Whin 
or Gorse ( Ulex europeus). — The stems of 
this common British plant are, as is well 
5 



known, very irregular in their growth. 
When they are straightened and pro- 
perly dressed, however, they make 
extremely pretty walking and umbrella 
sticks, and are in great demand. 

Gru-Gru. — ^These are the saplings of 
a palm, the botanical origin of which 
cannot be accurately determined, inas- 
much as the name gru-gru is equally 
applied to Astrocaryum vulgare and 
Acrocomia sclerocarpa, both South Ame- 
rican species. The sticks are very 
beautiful, being of a rich dark brown 
with fine white longitudinal lines near 
the joints. The rootheads also are very 
handsome. The sticks are imported 
from the West Indies. 

Guelder Rose (Viburnum Opulus). — 
The sticks from this well-known shrub 
are very attractive when dressed and 
polished. The bark which covers them 
is of a rich brown, thickly marked with 
white lines. They are of a compara- 
tively recent introduction, and are very 
much in demand. They are sometimes 
known under the name of Balkan rose, 
being imported from the neighbourhood 
of the Balkans. 

Hazel. — ^This well-known stick is the 
produce of Corylus Aveilana, and has 
quite recently increased very much in 
favour both for walking and umbrella 
sticks. A variety known as silver bark 
hazel is the most beautiful. The sticks 
are imported from various places on the 
continent of Europe. 

Holly (Hex aquifolium). — ^The sticks 
of this favourite shrub are so much used 
for walking sticks, whip-handles, and 
similar uses that they need only to be 
enumerated. They are chiefly the pro- 
duce of our own country. 

Hornbeam (Carpinus Betuius). — A 
well-known hard-wooded tree ; the wood 
is of a very light colour, but makes 
durable sticks. The market is supplied 
by English growth. 

Jambee, or Jambeze. — This is ap- 
parently the produce of the palm, which 
has yet to be determined. 

Lancewood. — ^This wood, supposed to 
be the produce of Duguetia guitarensis^ 
a tree of South America, is much used 
for shafts of carriages, whip-handles, 
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and the top joints of fishing-rods, iu 
consequence of its elasticity and 
strength. For the same reason it is 
vsed for walking and umbrella-sticks. 

Loya Canes. — ^The stems of an Aus- 
tralian palm (^Calamus australis). They 
have somewhat the appearance of a 
rattan, to which they are a close 
botanical ally. 

Malacca {Calamus scipionwn). — Like 
the last, these are the stems of a climbing 
])alm, imported, not from Malacca, but 
from Siak, on the opposite coast of 
Sumatra. They are a very choice stick, 
and fetch perhaps the highest price of 
any stick in the market. 

Maple (Acer campestro). — The 
branches of this well-known British 
tree are sometimes used for walking 
sticks, as well as the wood of its Ame- 
rican ally, the bird's eye maple (^Acer 
saccharinum). 

Medlar (^Pyrus germanica). — Sticks of 
this plant are imported from France. 
They are sometimes covered with nu- 
merous transverse gashes, which is done 
in the stem during growth for the pur- 
pose of ornamentation. 

Midgen. — This is the stem of an Aus- 
tralian palm (Kentia monostachya). It 
makes a very pretty stick, from the 
markings or scars of the fallen leaves 
being very close together. 

Mountain Ash. — A well-known orna- 
mental tree of our shrubberies (Pyrus 
Aucuparia). The sticks are slender but 
strong. 

Mountain Bay. — A slender palm, the 
source of which is unknown. 

Myall Wood (^Acacia homahphylla). 
— A leguminous tree of Australia, the 
violet' scented wood of which is well 
known and has been much used of late 
in the manufacture of pipes. The sticks 
are not polished, so as to preserve the 
scent. 

Myrtle. — Whether this is the produce 
of the Myrtus communis is somewhat 
doubtful. It makes excellent walking 
and umbrella sticks, which are imported 
from Algeria. 

Nana Canes. — This name has been 
given to the hollow reed-like stems of 
Arundo donax, the rhizomes of which 



form excellent handles for umbrellas and 
sunshades. They are imported from 
Algeria. 

Oak (Quercus Bcbur). — The saplings 
and branches of this well-known British 
tree are much used for walking sticks, 
:md are always in favour. Under the 
name of Brazilian oak, a stick that has 
met with a very large demand has been 
known in the market for some few 
years. It is corrugated longitudinally, 
and knotted throughout, the knots being 
especially thick near the knob. Though 
this stick is a great favourite, its botani- 
cal origin at present is obscure. It is 
imported from Bahia, and ir sometimes 
known as the Ceylon vine. 

Olive ( Olea europea), — ^This is another 
favourite stick for which there is always 
a large demand ; the dark green bark 
has a character of its own, and the 
brown markings of the wood, when 
stripped of its bark, has much to recom* 
mend it. Olive sticks are imported 
chiefly from Algeria. 

Orange. — ^The orange sticks, which 
are imported chiefly from Algeria, are 
probably the produce of other allied 
species besides that of the common 
orange {Citrus aurantittm). The bark 
of the orange, when dressed and polished, 
has a bright, greenish colour, with 
white streaks, and makes extremely 
pretty sticks, for which there is a con-» 
stant demand. 

Orange, Black. — ^This is a distinct 
product from the foregoing, and is not 
furnished by any species of CitruSj but 
by the common broom {Cytisus sco^ 
partus). The bark has somewhat of the 
orange marking, but its colour is nearly 
black, as its trade name indicates. It is 
imported from Algeria. 

Palmyra. — These sticks are cut from 
the solid wood of the palmyra palm of 
India {Borassits fiabelliformis). Two 
varieties are known, black and red, the 
one with intense black lines, the other 
with red. The wood is imported from 
India. 

Partridge Canes. — Under this name 
an immense quantity of canes, with and 
without the bark, are annually im- 
ported from China. Though they are a 
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specially favourite stick for walking, 
umbrellas, and sunshades, the botanical 
source still remains unknown. They 
are largely used for the twisted and 
curled handles now so much in Togue. 

Partridge Wood {Andira inerfnis). — 
This is a large tree of the West Indies. 
The wood is close-grained and hard, and 
takes a good polish ; it is used -chiefly 
for umbrella handles. 

Penang Lawyer (^Licuala acutifidd). — 
This is a palm, the saplings of which, 
with the roots attached, are imported 
in considerable quantities from Penang. 

Pimento {Pimenta officinalis), — ^A tree 
common in Jamaica, where it is largely 
cultivated for the sake of its fruits, 
which are the allspice of commerce. 
For the stick and umbrella trade large 
quantities of the young saplings are 
imported firom the West Indies. The 
sticks are valued specially for umbrella 
handles, in consequence of their rigidity 
and non-liability to warp. 

Pomegranate {PutUca Granatum), — 
These sticks come mostly from Algeria, 
where they are specially cultivated. 

Rajah Cane. — ^This favourite stick 
has been known in commerce for some 
20 years or more. It is imported from 
Borneo, and for a long time after its 
introduction its botanical origin re- 
mained a mystery. It has, however, 
since been referred to the genus of palms 
Eugeissoniaj and probably to the species 
minor. The commercial name rajah is 
said to be derived from the fact of the 
duties paid for its export being claimed 
by the Rajah of Borneo. 

Rattan. — Under this name a variety 
of sticks, apparently the produce of 
different species of Calamus^ are known. 
Thus we have root rattans, white hard- 
barked rattans, monster rattans, minia- 
ture rattans, and so on. They are all 
of a similar character, with the scars of 
the fallen leaves strongly marked in 
transverse rings. They are the produce 
of Eastern countries. 

Snakewood (Brosimum Avbletix)* — 
This is also known under the name of 
letter-wood and leopard-wood. It is 
the produce of a large tree, native of 
Guiana, Northern Peru^ Brazil, and 



Trinidad. The wood is extremely hard, 
of a reddish-brown colour, marked with 
dark transverse blotches. It makes one 
of the handsomest sticks known, and 
when mounted with gold has a very 
rich appearance. 

Thistle. — Under this name the stems 
of the mullein ( Verbascum Thapsus) are 
known in commerce. They are slender 
and very light, both in colour and 
weight ; they are, however, very prettily 
marked, and make good handles for 
umbrellas. 

Tonquin Canes. — ^These are slender- 
jointed sticks of the character of bam- 
boos, and are the produce of an unknown 
species of Arundinaria. They make 
light and strong sunshade handles, and 
are very much used for that purpose. 
They are imported from China. 

Whangee. — ^This is a well-known cane 
imported from Japan, and is formed of 
the rhizome or underground stem of a 
kind of bamboo (Phyllostachys nigra). 
The cane is very pliable, and is very 
distinctly marked by the transverse 
scars of the young shoots, where they 
have died out, and where the rootlets 
have fallen off. The canes are mostly 
of a pale yellow colour, but there is a 
variety with black scars known as the 
black whangee. 

Whitethorn. — ^This is another name 
for hawthorn {Cratasgus Oxyacantha), 
The wood is very hard and close-grained, 
and makes very strong sticks. 

Zirracote. — A close-grained, nearly 
black wood; used mostly as a cabinet 
wood. It takes a good polish, and has 
a very handsome appearance. (J. R. 
Jackson). 

(2) Walking sticks should not be 
cut or pulled later in the spring than 
Febraary, nor earlier in autumn than 
October, the best time being from early 
December to mid-February. They 
should not be stripped of bark nor 
worked till half dry, and meantime 
should be stored in a cool and mode- 
rately dry place. It is best to leave all 
roots and spurs on the stick about 1 in. 
long when laying aside to dry. When 
half dry their suppleness is at its 
greatest, and working is facilitated. 
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Holly sticks must be only rough 
trimmed when put away to season. 
Ash sticks must also be rough trimmed 
and well seasoned before they are 
barked and polished. The wood and 
curiously-formed root-knobs of ground 
ash admit of excellent grotesque carving. 

Of all home-grown sticks oak is the 
roost reliable, and stout oaken cudgels 
are esteemed by most persons as some 
of the best props' to failing legs, as 
well as the best weapons for self-defence 
against quarrelsome dogs and rowdy 
ruffians. Straight sticks of sapling oak 
arc not always easily obtained, but 
vopse-wood sticks pulled from the 
stumps of trees form excellent substi- 
tutes. These should be selected for 
walking-sticks which taper gradually 
from } in. just below th^ knob or 
crutch, down to } in. at the opposite 
end. Gnarled and crooked oak sticks 
are sometimes fancied, and heavy cud- 
gels are sometimes selected for de- 
fensive purposes. Oak sticks split in 
dryiug when the bark hai been stripped 
off, or the knots cut too close, or the 
sticks put away to dry in a very warm 
dry place ; they are then rendered 
useless for walking-sticks and cudgels. 
The wood and also the form of the 
knobs or roots will admit of much taste 
being displayed in carving. 

From the roots of elm trees, saplings 
with a coating of rough bark will shoot 
up straight to a height of 10-12 ft. 
These will furnish good walking-sticks 
of the fancy type, the rough bark 
serving the purpose of ornamentation 
when the sticks are dried, stained, var- 
nished, and polished. The wood is also 
durable, but not very supple when 
dried, and sticks of it are not suitable 
to hard usage. The usual precautions 
must be taken in drying them. 

Light sticks of hazel may be cut 
or pulled from almost every hedgerow 
and in any wood. Saplings are not un- 
frequently found of most symmetrical 
proportions, tapering from 1 in. down 
to J in. through a length of 10-12 ft., 
these are used by country swains as 
goads for the oxen, and form very 
tough sticks. The wood is very light, 



but it has the disadvantage of bending 
and remaining crooked when leaned 
upon heavily. It is also soft, and may 
be easily carved. Occasionally, hazel 
sticks may be found grotesquely en- 
twined with honeysuckle, and the stem 
so deeply furrowed with the supple 
vine as to enclose the convolutions of 
the climber. Sticks of this kind are 
valued as fancy sticks, and look well 
when properly prepared, varnished and 
polished. 

In exposed positions the blackthorn 
is only a dwarf shrub, but in sheltered 
hedgerows and woodlands it attains a 
height of 20 ft., and its saplings run up 
to a length of 6-8 fb. straight and 
taper, but covered with stout spines 
and small twigs. These saplings make 
excellent walking-sticks, both when 
they can be dug or pulled up, and also 
when they have to be cut off. The 
opines and twigs must not be cut off 
close until the stick is half dried, 
and then cut with a sharp knife; in 
fact, the knots from the spines and 
twigs when left as slight round ex- 
crescences enhance the beauty of the 
finished stick. Blackthorn is more 
famous for its hardness, strength, sta- 
bility, and durability, than for light- 
ness, elasticity, and suppleness. A 
cudgel made of blackthorn will deal 
heavy blows, but when matched against 
one of oak would splinter at the knots, 
the oak being the tougher stick. The 
wood is hard and not easily carved, but 
the root knobs will admit of a very fine 
and smooth polish, most grateful to the 
palm of the hand of the tired pedes- 
trian. Its congener, the whitethorn^ 
or hawthorn, is not so suitable for 
walking-sticks, being more brittle and 
less durable. 

Among fruit trees, the cherry w^ill 
furnish some very nice fancy sticks, 
supple, and of* tolerable strength ; and 
apple wood, when well and carefully 
dried, will yield some good sticks. 
Grape-vine and briar sticks cannot be 
relied upon for stability when leaned 
upon. 

When sticks are half-dried, that is, 
when the bark is shrunken, has lost its 
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sappy greenness, and iflfuses to peel 
freely, they may be trimmed, straight- 
ened, or bent as required. To bend or 
to straighten them, they may be held 
over steam until rendered supple, or 
buried in hot wet sand until this eml 
has been attained ; they must then be 
given the form they are intended to 
assume (whilst still hot), and kept in 



suggest! v6 in themselves. One or two 
things sholild, however, receive con- 
sideration in designing a knob, and tho 
first should be the ultimate use of 
the stick. If the stick is to be a fancy 
one, to be carried and swung in the 
hand, more for appearance than for 
use, then any amount of skill in 
carvings may be expended on the knob ; 
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this form until they are cold, straight 
sticks being tied firmly in small 
bundles, and wound with a coil of 
rope from end to end, or suspended 
from a beam by the knob end, whilst 
a heavy weight is hung from the small 
end. Crooks may be turned by im- 
mersing the end in boiling water for 
5-10 minutes, then bending it to the 
desired form, and securing it in this 
position with a tourniquet (Fig. 350 A) 
until the stick is cold. The bark may 
next be taken off with a sharp knife, if 
so required, and care must be taken not 
to splinter or chip the wood of the 
stick. Knots may be trimmed at the 
same time, and the knob trimmed up to 
shape. Hard and fast rules cannot be 
given for the formation of knobs, since 
their form must be regulated by the 
natural knobs, and these are often verv 



but if the stick is for use, we should 
first consider its use. Round smooth- 
headed knobs (Fig. 350 B) carved and 
polished to fit comfortably into the 
palm of the hand, will meet with most 
acceptance from those who use a stick 
as a support. But knobs thus formed, 
and shorn of a projecting crook or 
hook, often slip from beneath the arm 
or out of the hand when its owner 
wishes to use both hands for some 
purpose. Tho head of a dog with a 
long muzzle, the head of a swan or a 
goose, forms an appropriate design for 
such a stick. The crutch (Fig. 350 C) or 
half-crutch form (Fig. 350 D) is also a 
comfortable one, but the ordinary crook 
TFig. 350 A), although useful for many 
other purposes, does not fit comfortably 
m the hand, it is too much of a hand- 
ful, and the central support usually 
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finds its bearing under the forefinger 
instead of the palm of the hand. Sharp 
earring on the knob should always be 
discouraged, for it only hurts the hand, 
but the neck of the knob may receive 
the carver's attention. 

Elm sticks with the rough bark left 
on (Fig. 350 £) must be neatly trimmed, 
naked around the neck of the knob, and 
at the bottom of the stick just above 
the ferrule, loose bark should also be 
neatly trimmed with a sharp knife, and 
the whole lightly gone over with me< 
dium glass-paper. The stick should 
then receive a dressing of boiled linseed 
oil, and be left to dry. When dry, it 
will be well to go over the smooth 
parts with a little polish, and finnlly 
give one or two coats of hard spirit 
or copal varnish. Holly, ash, hazel, 
cherry, apple, birch, etc, should have 
part of their bark onlf taken off with a 
sharp knife, leaving all knots smoothly 
trimmed, rounded, and clean. The 
sticks should be then lightly glass- 
papered, and, when smooth, dressed 
with boiled linseed oil, dried, polished, 
and varnished. Oak sticks look best 
when carefully barked in hot water, 
cleared of the loose bark by rubbing 
with canvas, dried, dressed with boiled 
linseed oil, again dried, then polished 
and varnished with oak varnish. Black- 
thorn sticks should be only partly 
barked, the knots smoothly trimmed, 
then glass-papered quite smooth, dressed 
and varnished as directed for other 
sticks. Sticks may be stained black 
after they have been glass-papered, and 
before they are dressed with oil, by 
first brushing them over with a hot 
and strong decoction of logwood and 
nut-galls, and when this has well dried, 
brushing over them some vinegar or 
acetic acid in which a quantity of 
proto-sulphate of iron, some iron rust, 
or some old rusty nails has been 
steeped some 2-3 days previously. A 
brown or mahogany tint may be given 
by adding some dragons' blood to the 
polish, and a yellow tint may be ob- 
tained by adding yellow ochre. Some 
persons use ink for a black stain, and 
others put drop black in the varnish, 



but the black stain above mentioned is 
preferable to all others. The sticks are 
to be polished and varnished after the 
stain is dry. The bottom ends of 
walking-sticks should be guarded from 
excessive wear by a neat brass ferrule, 
but these are more cheaply bought 
than made. They should be secured to 
the stick by two small screws, one 
on each side of the stick, to prevent 
them from coming off when they get 
loose in dry weather. 

The remaining diagrams in Fig. 350 
indicate as follows: — ^F, blackthorn 
knob in the rough ; G, ash root as dug 
up ; H, ash root trimmed ; j, ash or 
oak knob as pulled from pollard or 
stump ; K, the same trimmed ; L, stick 
bent and trimmed to form a crook. (G. 
Edwinson). 

(3) Use Judson's simple dyes; they 
are so clean, and moreover so economical 
in their application that they take the 
leading part in all work of fancy] or 
intricate workmanship. Put the stains 
on with a camel-hair brush, diluted 
with water. For dark stains use copal 
varnish, or purchase some from a coach 
painter. For light woods use the light 
crystallised varnish, such as is used for 
the tops of washstands, &c. Old dam- 
aged sticks that are varnished should 
have the varnish eaten off with liquor 
ammonis, then rinsed, scoured, stained, 
and varnished again. 

(4) Make a solution of 3 parts glue 
in 100 of warm water; to this add 1 
part whiting, 2 parts orange chrome. 
Mix well. Apply hot with a soft brush 
to your sticks. When thoroughly dry, 
rub down with a piece of dry flannel. 
Apply a second coat of colour Jf deeper 
tints be required, or use burnt umber 
and brown ochre for oak tints. When 
dry, apply the following varnish: — 
Coarsely-powdered copal and glass, each 
4 oz. ; alcohol, 64 O.P., 1 pint; cam- 
phor, i oz. To be heated over a water 
bath, with constant stirring, until the 
copal is dissolved. When cold, decant 
the clear portion. Be careful that the 
alcohol does not inflame. 
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Boat Building. 

(a) The first thing to be done is to 
(lesigQ the boat intended to be built, and 



which moulds similar to that shown by 
B are now made. The constrnction of 
these moulds does not require any par- 
ticular care except that they must be 
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draw a plan similar to that represented 
by Fig. 351 A. The designs must now 
be drawn upon a floor full size, from 
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made sufficiently strong to resist pres- 
sure during building, and must be ex- 
tremely accurate along the outsidie. 



408 



BOAT BVILDIKO. 



This done, the building of the boat may 
now be commenced — if possible under a 
rainproof shed — hj laying the keel and 
tenoning to it the stem a on Fig. C, and 
stempost a on Fig. D. Should the keel 
not be thick enough for tenoning, it 
may be box-scarfed, by cutting away 
half of each. After this the keel must 
be fixed in the stocks, the stem and 
stempost plumbed to see if they are 
true, and thereafter stayed by pieces of 
wood from the floor of the workshop. 
The keel should be cut, technically 
speaking, rabbeted, as shown in a, 
Fig. K, so as to allow the garbeard 
strake to fit in the stem, and sternpost 
should also be cut in a similar manner 
where shown by the lines h in Figs. C D . 
A stout piece of wood is now nailed 
from the top of the stem to the stem- 
poit, in order to keep them better 
together, and afford additional support 
to the moulds when inserted. The knee 
c in Fig. D, apron c in Fig. C, and 
transom 6 in Fig. D, are now inserted ; 
the holes being bored with a fine auger, 
the nails being driren in from the in- 
side, and securely clinched from the out- 
side, as shown by Figs. CD. Oak, 
ash, or elm is generally used for the 
foregoing, and all bent timber must be 
grown. The moulds can now be placed 
in their position and firmly secured. 
Thereafter, measure the half girth of 
the midship mould, and divide it into 
an equal number of sections, after 
allowing about ^ in. for the landings at 
each plank or strake. Having deter- 
mined upon the number of strakes, 
mark off an equal number on the stem, 
rabbet line, sternpost, and transom — it 
will be seen that the strakes taper con- 
siderably foro and aft — and begin plank- 
ing. To do this, a novice may require 
an apparatus for steaming the planks, 
that they may bend more easily. This, 
although it must be steamtight, need 
not be an elaborate affair. A wooden 
box of the desired length, and about Sin. 
square inside measurement, with a door 
at either end, will 8uf!ice. If the 
builder cannot secure steam from a 
boiler, he will require to place this box 
upon legs sufHciently high safely to 



allow a fire and pot underneath, from 
which he can make a wooden steam pipe 
to the box above. The garboard strake 
— the plank nearest the keel — ^is fitted 
on first, and so on upwards. Some of 
the strakes will be founlto be curved 
or *' sneyed " in a curious manner ; but 
the correct curve of the strake to be 
fitted on can generally be got by clamp- 
ing it to the preceding strake, and 
marking the curve with a pencil. The 
strakes are nailed together in the fol- 
lowing manner : — ^The strake to be 
fitted on is secured in its proper place 
by clamps or wooden screws, a hole is 
bored through both planks ,at the land- 
ings, a roving nail is then driven in 
from the outside through a roove in the 
inside, which is held in its place by a 
rooving iron — a kind of pincers which 
allows the nail to pass through. The 
end of the nail is then cut off all but a very 
small portion ; a holder-on is then put 
to the back of the nail from the outside, 
and the inside portion of the nail still 
remaining is hammered back upon the 
roove, thus, in a manner, forming a rivet. 
At the stem, stempost, and transom, of 
course, the nails are simply driven in. 
It may be necessary to bevel the edges 
of the bilge strake with a plane, in 
order to keep the correct curve. The 
planking almost invariably is of yellow 
pine, and some boat-builders recommend 
painting the landings with red lead, 
when the strakes are put together, 
alleging that it keeps them from rotting 
the better. After the planking is 
finished, the moulds are taken out of 
the interior, and the timbers are in- 
serted, being clinched in a similar 
manner as the strakes. They are gene- 
rally of elm, or other hard wood, and will 
require about 4 hours' steaming. The 
floors 4 in Fig. 352 £ are next inserted, 
but are not as yet clinched, as, afler 
being steamed and nailed in their posi- 
tion for a day or so, they are removed 
to be joggled — cut to fit the planks — 
as shown in the diagram. If grown 
timber can be had, the floors can be 
joggled and put in at once. The floors 
extend from bilge to bilge, and are of 
hard wood. The gunwale is now fitted 



BOAT BTTILDING. 



409 



on. 



This can be done in several ways : 
by cutting down the timber heads a 
sufficient depth to allow the gunwale to 
rest on them and lie flush with the top 
strake by cutting away } in. or so off 
the top of the timber heads, and joggling 
the gunwale to admit of their insertion ; 
or as is shown by a, Fig. F, by rabbeting 



on both sides, as shown by Fig. II. A 
stringer 6, in Fig. F, is now put on on 
each side, running from bow to stern, 
and clinched through the timbers on 
which the scats in c Fig. F rest. The 
seats are also clinched to the knees d in 
Fig. F. These knees are also clinched 
to the top strake. The bowand sterh 
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the gunwale and fitting it on over the 
top strake, to which it is either clinched 
or nailed. If either of the two former 
plans were adopted, the top strake 
should be of elm. The gunwale is of 
boxwood. A stout knee is inserted and 
secured at the base, as shown by Fig. G. 
A knee is also inserted at the transom 



bolts, bow and stern gratings, and 
bottom boards are now made and put in. 
The bottom boards are nailed together 
before being put in, and then secured by 
a clasp, that they may be easily re- 
moved for cleaning the bottom of the 
boat. The rudder now alone remains 
to be made, snd is hung on pintles, as 
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shown in Fig. D. For the equipment 
of such a boat as this, the builder may 
calculate that oars will cost 6d. per 
lineal ft. The anchor should weigh lib. 
per ft. of boat in length, but if a sailing 
boat with ballast, 1} lb. per ft. In 
that case, a step will required to be 
made for the mast, which should be 
nailed to the keel. All the nails used 
in the construction of the boat must be 
of copper. Also an iron clasp to each. 
The mast must be fitted to the seat, the 
seat being cut to receive half of the 
girth of the mast. For the mast a good 
Norwegian pine — ^home-grown timber is 
useless — about 20 ft. can be got for 
about 5^. in its rough condition, and is 
dressed by an adze before being planed. 
Longitudinal cracks are of no conse- 
quence in a spar ; but the slightest 
^aw transversely denotes that it is 
sprung — so useless. This never occurs 
but in masts which have been used, 
when care also must be taken that there 
are no signs of rottenness anywhere, 
especially at the hounds. A sail — pre- 
sumably a lugsail — of best duck will 
cost about Is. 4d. per sq. yd.; but if 
the builder desires to make it himself — 
a difficult and delicate task — good duck 
can be purchased for dd. per yd. Duck 
is most suitable for all descriptions of 
small boats. In any case avoid cotton, 
as it does not hold the wind, is very 
frail, liable to rot, and soon turns an 
unchangeable dirty colour, dishearten- 
ing alike to sailor and spectator. Boats 
similar to that given here are very 
commonly built " double-bowed "; that 
is, the bow and stern are shaped alike, 
the lines at the stern being a little 
fuller. Opinions differ as to their 
respective appearances ; but if it is the 
builder's desire to have a boat that 
shall 'Maugh at all disaster, and with 
wave and whirlwind wrestle," he could 
not do better than build it in this 
manner, as besides possessing many 
minor advantages, a boat so shaped will 
run before the wind in a gale that her 
" square-sterned " consort could not be 
kept afloat 5 minutes in. (J. McCash). 
(b.) Take 10 or 11 cedar boards f in. 
thick, and not less than 7 in. wide ; 



also, 2 cedar boards 1 in. thick, 14- in. 
wide, and 13 ft. long, free from 
knots. The latter will be called the 
sideboards. They should both be of 
same quality, so that one will bend as 
easily as the other. Cedar is used 
throughout, except where the name of 
the wood is given. 

A piece is cut, shaped like Fig. 352 A, 
with the entire length 4 ft., the width 
12 in., and the distance d from the end 
to the dotted line 4 in. We will name 
this the cross-board. A piece of oak is 
cut of similar shape, but making the 
entire length 20 in., width 13 in., and 
distance d 6 in. This is the stem-piece. 

Both ends of each side-board are 
sawed off bevel, like the ends of the 
cross-board, and with same slant at 
both ends. The bevel at one end of the 
side-board should be the reverse of that 
at the other, making one edge 12 ft. 8 in. 
long, and the other 12 ft. The side- 
board has the appearance of Fig. A 
elongated. The tapering of the side- 
boards at the ends, necessary in the 
construction of a scow, is not required 
here. The necessary upward curve of 
the bottom is obtained by the bending of 
the side boards, as described hereafter. 

Set the side-boards 6, Fig. B, on edge 
parallel with the longer edges upper- 
most, and at about the middle place 
the cross-board t between, also with its 
longer edge uppermost. Kail the side- 
boards b lightly to the cross-board t. 
With the aid of ropes, draw two ends of 
the side-bonrds together ; the other ends 
draw against the stern-piece r. In a 
piece of oak, about 16 in. long, cut 
grooves throughout its length, and 
make it cross section like Fig. C. This 
'* stem-piece," as it is called, is placed 
between the ends of the side-boards that 
were drawn together. After altering 
the shape of the stem-piece, if necessary, 
so that the ends of the side-boards shall 
fit closely into the grooves, the side- 
boards are securely nailed to both stem- 
piece and stem-piece. The projecting 
upper end of the stem -piece is sawed off, 
and the boat is inverted carefully. 

The convex edges of the side-boards 
are planed down 1 in. or more at the 
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middle c Fig. D, so that the bottom (the 
boat is note bottom up) maj be flat 
from a to b, making easy curves at a and 
b. This flattening of the bottom is not 
useless, the draft being thereby dimin- 
ished, and the speed probably increased. 

Bottom boards f in. thick are nailed 
on crosswise (Fig. E), and the projecting 
ends are sawed off. A long bottom 
board is put in, and the cross-board, 
which was only temporary, is knocked 
ont. 

Fig. F represents the seat at the bow. 
The cross-piece n is secured by nails 
driven through the side-boards into its 
ends, as At p. In Fig. G, which represents 
the seat at the stern, the cross-piece / is 
fastened in the same manner. There is 
a cleat at k. The seats in both bow 
and stem are about 3 in. below the 
edges of the side-boards, and the seat- 
boards are lengthwise. 

We are now ready for the "upper 
streaks,*' as they are called. Two strips 
are cut 12 ft. 8 in. long, 2 in. wide, and 
1 in. thick; two notches, each H in. 
long, and nearly 2 in. deep, are cut in 
the upper edge of each side-board. 
Fig. H. They are 3 in. apart, and the 
point midway between them is 5 ft. 1 in. 
from the stern, measuring on a straight 
line in the middle of the boat. All the 
longitudinal measurements hereafter 
given are upon this line. 

The upper streaks are now nailed on 
the outside of the side-boards even with 
the upper edges of the latter. The 
joint made by the upper streaks at the 
bow is shown by Fig. J, in which a is 
the stem-piece, d the side-boards, and c 
are the upper streaks. The rowlocks 
are now completed by a short strip y, 
Fig. K, strongly screwed on the inside, 
over the notches. Make tholepins, and 
fit them into these mortises. It is often 
convenient to have another pair of ro^« 
locks about 2 ft. nearer the bow, that 
when a person sits in the stern, the 
rower may shift forward to better dis- 
tribute the weight, for a boat rows hard 
when the stern is weighted down. 

Make two cleats for the rower's seat, 
with their aft ends 6 ft. from the stern, 
and their upper edges 7J in. below the 



edges of the ^ide-boards. Saw off a 
seat-board 3 ft. 10 in. long. 

Invert the boat and fit a piece of 1 in. 
board, n. Fig. L, upon its edge, at the 
stem, upon and perpendicular to the ^ 
bottom. It is fastened at ^ by a screw, 
between g and m by nails driven into it 
through the bottom from the inside of 
the boat, and by the strip m of the 
same thickness, nailed on the end of n, 
and crossing the stern-piece vertically, 
to which it is screwed. 

A {-in. hole is bored through the 
stem-piece at /, Fig. M, through which 
the painter, 10 ft. long, is tied. An 
iron strap, shaped like the double line 
in the same figure, is screwed to the 
cutwater. 

The proper length for oars is about 
7 ft. 

The boat is now caulked, unless 
already rendered water-tight by an 
equivalent method. Nail-heads are 
covered with putty, two coats of paint 
are applied, and the skiff is completed. 

Anemometebs. 

(a) Fig. 353 is a simple anemometer 
that anyone can make : a is the pressure- 
plate, exactly 6 in. square, made of gal- 
vanised iron and fastened to the pillar of 
a 10 lb. spring balance b ; the cylinder 
of the balance being fixed to the vertical 
tube c, which carries the vane, &c., to 
the end of the iron rod, in balance, is 
attached a wire which passes over a 
wheel inside c, shown in drawing, but, 
of course, in the tube, and so that the 
copper wire can go down centre of c to 
the weight of df, which must have a 
slit in one side to run over a wire 
soldered inside/; this keeps lower wire 
straight and prevents torsion. The 
wire is joined up in two at the bottom 
of d, and the two wires should be con- 
tinued down to the bottom. The vane 
is of the usual form, but should form a 
balance for the other side, and must be 
weighted to form the balance necessary. 
The wire is continued down into the 
room in which dial is fixed. Here make 
a dial 12 in. diameter and divide it into 
36 divisions, each division being a full 
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inch from the next: these divisions will 
indicate pounds, and if you divide the 
spaces between each into 5 you will 
have everything you require. The 



srs. 




Simple anemometer. 

centre wheel has a groove, and its cir- 
cumference should be exactly the length 
of the rod in balance, or rather the 
length from 1 to 9 lb., every pound 
giving 4 lb. on dial. Now fix at the 
end a thin wire or watch-chain, the 
latter would be better, the old chains 
used in our grandfathers' verge watches 
— this, by the bye, must be connected 
to upper as well as lower wires ; to the 
bottom one then hang a weight just suf- 
ficient to keep finger in place. Having 
all done, get another similar balance 
and fix it up against dial-plate, letting 
it mark 1 lb. ; this will be 4 lb. on dial 
down below ; mark this on the dial ; 
then let upper balance be pushed on to 
2 lb., mark 8 below, and so on till the 
whole dial is marked, then divide and 
mark pounds. You may go over this 
again and again until you have care- 
fully marked the dial, and your ane- 
mometer will be finished. (W. J. L.) 



(6) A multiplying anemometer, ap- 
plicable to the measurement of the 
velocity of air-currents, to meteoro- 
logical observations, and to the deter- 
mination of waterflow, con- 
sists of a tube formed of two 
truncated conical tubes, the 
smaller ends ot which are of 
the same area (Venturi*8 
tubes). In this tube a much 
smaller one of similar con- 
struction is placed, as shown 
in Fig. 354. If greater deli- 
cacy be required, a third may 
be added, the whole system 
being eccentric. (Fig. 355). 
The constricted part of the 
outer compound tube is sur- 
rounded by a hollow jacket, 
and connected with it by the 
small interval which sepa- 
rates the two truncated cones. 
This jacket is in connection 
with a water-thermometer, 
which indicates the velocity 
of the current to be measured. 
This arrangement for a single 
compound tube is shown in 
Fig. 356. The utility of the 
instrument depends upon the 
fact that in such a case, as 
shown in Fig. 356, the reading of the 
manometer attached to the jacket is 
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several times that indicated by a 
manometer at the orifice of the tube. 
The former is of course negative, whiUt 
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tlie latter is positive. The relation 
between the two maj be, for example, 
6:1. In an instrument consisting of 
two compound tubes, and in one of 
three tubes, the readings were related 
1 those at the orifice in the proportions 
20 : 1 and 80 : 1 respectively. The in- 
struAient is simple, rigid, portable, and 
inexpensive; it affords a check on the 
ventilating apparatus of mines, and by 
a simple clockwork arrangement could 
be made to indicate defective ventila- 
tion ; lastly, its multiplied reading con- 
duces to great accuracy. 

Angles, Meisurino. 

A simple means of measuring angles is 
shown in Fig. 357. The board a usually 
of deal, which should be about 15 in. 

357. 
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Measuring angles. 

square, underneath it has screwed on to 
it in the centre a brass boss, which fits 
into a similarly shaped recess in the 



wooden Iiead of a folding tripod stnd. 
A brass clamping screw passes from 
below through a hole in the centre of 
the tripod head, and screws into the 
brass boss on the board. By this menus 
the board, or plane table as it is here 
termed, can be smoothly turned round 
horizontally into any position and 
securely clamped there. 

On the top of the board 1^ pasted or 
glued a cardboard protractor 6. These 
protractors are about 12 in. diameter, 
and are graduated to \ degrees, and can 
be bought for a small sum. Care 
should be taken to attach this flatly to 
the board. 

The next essential is a sight-rule c. 
This consists of a flat piece of some hard 
wood about 15 in. long by 2\ in. wide, 
and \-\ in. thick, having one edge 
bevelled. On each end is fitted centrally 
a brass sight- vane— one d having a wide 
slot through its upstanding part, down 
the centre of which is fitted a fine wire 
or hair ; the other e has a fine slit down 
its centre. 

To measure an angle between two 
objects, the plane table is set up as 
level as possible by eye, the sight rule 
is placed across the centre of the pro- 
tractor, and pointed in the direction 
of the left-hand object, the eye being 
applied to the slit in «, and the wire in 
d being brought into coincidence with 
the object. Care must be taken that 
the bevelled edge of the rule lies nearly 
over the centre t)f the protractor. 
This is easily ensured by placing the 
finger or the uncut end of a pencil 
touching the centre point, and using 
this as a pivot round which to turn the 
rule. The graduations of the pro- 
tractor cut by the bevelled edge of the 
rule are then read at each end, and 
their mean is taken as the true direc- 
tion of the object. A similar obser- 
vation is then taken to the right-hand 
object, care being always taken to use 
the mean of the readings at each end oi 
the rule. The difference between the 
readings to the two objects give the 
angle required. 

A jnost surprising degree of accuracy 
can be obtained by the use of this 
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simple instrument by repeating the 
observations on a different part of the 
graduation. It is, in fact, a very fair 
theodolite without the telescope. 

If a magnetic compass is used in con- 
junction with the plane table, and by 
its means the table and protractor be 
turned round and set magnetic north 
and south, accurate magnetic bearings 
of objects can be obtained with equal 
facility. (G.) 

Babometebs. 

(1) To make a cheap. Obtain a 
straight fine glass tube, about 33 in. 
long, and with a clean interior, sealed at 
one end, and having an even uniform 
bore of about 2} lines diameter. The 
mercury to be used should be perfectly 
pure, and free from all air and moisture. 
This latter requisite may be assured by 
heating the mercury in a porcelain dish 
to nearly the boiling-point, previous 
to using it. The tube is then held 
securely, with the open end uppermost, 
and carefully filled with the liquid 
metal. The open end of the tube is 
then securely covered with the finger, 
the tube is inverted, and the end is 
covered by the fin^r plunged below 
the surface of a little mercury placed 
in a small vessel to receive it. The 
finger is then removed, when the mer- 
cury in the tube will immediately fall 
to a level of about 30 in. above the 
surface of that in the small reservoir 
below. In order to attach the scale 
correctly, it will be necessary to com- 
pare the indications with those of some 
good instrument. 

(2) Exhaustion of tubes without 
application of heat. The defects in- 
herent to the methods at present em- 
ployed for exhausting barometer tubes 
induced Klobukow to study the various 
methods, especially that of Bogen, 
adopted in meteorological observatories. 
By a modification of the latter he suc- 
ceeds in producing a complete vacuum 
by means of a mercury column without 
application of heat — Bogen's method. 
A well-dried barometer tube is charged 
with pure mercury, the imprisoned air 



is removed by shaking, and the orifice 
is closed with the finger ; it then is in- 
verted over a mercury trough, partly 
immersed in the metal, placed in a 
vertical position, and the surplus of 
mercury allowed to escape. The tube 
is again closed by pressing the fingers 
on to the open end, brought in a hori- 
zontal position, and gently shaken for a 
short time. After a portion of the air 
embedded in mercury has entered the 
vacuum, the tube is transferred to the 
trough, manipulated as before, and the 
operation is repeated twice or three 
times till the mercury is freed from the 
adhering air. When the section^of the 
tubing is reduced to that of a capillary 
tube, the filling with mercury by this 
method is impracticable ; this difficulty 
is overcome by the following modifica- 
tion. 

The barometer tube b being filled 
with mercury in the usual way, is con- 
nected by a rubber tubing of 2-3 in. 
long to a glass tube, open at both ends, 
of the same diameter and length as b ; 
the tubes are placed in the position as 
shown in Fig. 358, and a is filled with 
mercury. Care being taken that no air 
remains confined in the bend c, a few 
taps should be given to the rubber tub- 
ing by the hand, or pressed by the 
finger with sufficient force to cause the 
emission of a few drops of mercury. 
By introduction of an air bubble into 
the tube a, and partial closing of the 
orifice with the finger, all air confined 
in the rubber bend is expelled by com- 
pression of the rubber. The compres- 
sion being maintained for a few seconds 
till a small portion of the mercury has 
been forced out and the tube hermeti- 
cally closed, when the closed end is 
immersed in mercury, and the finger 
withdrawn from the orifice. Fig. 359. 

The following operation consists iu 
the formation of a vacuum : — ^By rais- 
ing the barometer tube 6, Fig.360, it then 
is lowered while a is moved in a nearly 
vertical position, Fig. 361, which causes 
a migration of the previously produced 
vacuum fg to the opposite portion hi 
of the tube. The exhaustion of the 
tube is repeated twice or three times^ 
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during which the tube is gently moved 
until the characteristic sound of the 
metal, on lowering and raising of the 
tube, becomes audible. After complete 
exhaustion, the tubes are disconnected, 
b IS closed and immersed in mercury. 

268. 



of the fine tube being open, the ex- 
panded air gets out through this end. 
Next, before the air has had time to 
cool, plunge the open end of the tube 
below the surface of a vessel containing 
mercury. As this air cools it shrinks 

359. 
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The charging of a with mercury is 
effected by means of a small funnel. 
Fig. 358, and a complete exhaustion of 
the tubing is attained within 20-30 
minutes. 

The method is applicable to siphon 
and cistern barometer, and can also be 
used for the exhaustion of capillary 
tubing ; the employment of an air pump 
and application of heat in exhausting 
the latter will greatly accelerate the 
operation. The manipulations which 
the method requires are simple; they 
can be performed with good results by 
persons unaccustomed to experimental 
work, always giving an excellent 
vacuum. 

(3) How to fill a tube with quick- 
silver. Having got the tube which is 
open at one end (narrow end), heat the 
bulb in a flame ; in doing this the air 
In the bulb expands ; but the other end 



into less bulk, and the pressure of the 
air from without drives the mercury to 
occupy the vacant space. Part of this 
mercury will therefore be driven into 
the bulb. We next take the bulb with 
the mercury in it, and heat it well 
above the flame of a lamp, bulb, tube, 
and all. The mercury will soon begin 
to boil, and its vapaur will be driven 
out; and the air before it, until bulb 
and tube will both be filled with 
vapour of mercury. When this is done, 
we plunge the open end of the tube once 
more into a vessel of mercury. As there 
is only vapour of mercury in the tube, 
when this cools it will condense, and the 
mercury in which the instrument is 
plunged will go into the bulb and tube, 
and it will be filled. Be very careful 
not to inhale the mercury fumes. 
(R. W.) 

(4) Application of Wright's appa- 
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nitas for distilling, to the filling of 
barometer tubes. In Fig. 362, a is a 
vessel full of impure mercury ; 6 a tube 
about 30 in. long ; c an enlargement of 
b\.d and e tul^s inclined in opposite 
directions; / an arm for connecting 
with a Sprengel pump; g a tube a 
little over 30 in. long; h a reservoir 
with an outlet to the air; h is filled 
with pure mercury. 

362. 
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Filling barometer tubes. 

The air is now exhausted through /; 
the mercury rises in 6 and g until c is 
partially filled; a Bunsen burner is 
placed under c and the mercury distils 
over into g and flows out through h. 

If now g is cut off at j? a few inches 
below the junction of e with the arm / 
(the part h being no longer used), and a 
glass cock be inserted at or, then by 
means of a short rubber tube this cock 
can be connected with the open end of 
the barometer tube to be filled, which 
latter will take the general position of 
the whole tube g. 



The rubber tube must be covered 
with melted sealing wax. The impure 
mercury in a should first be washed in 
acids and dried before introduction. At 
the beginning of operations, a is full of 
impure mercury, but the rest of the 
apparatus contains only air. The 
Sprengel pump is set in motion and 
gradually exhausts the air firom 6, c, </, e 
and the barometer tube, until no air 
bubbles can be seen in the running 
mercury of the Sprengel pump, and 
until the sharp click is heard when the 
drops of mercury fall. The tube / is 
then sealed or a stop cock in it is turned, 
cutting off the Sprengel pump; the 
Bunsen burner under c is lighted, and 
the mercury will distil over into the 
barometer tube, which will thus be 
filled without allowing the mercury to 
coine into direct contact with the air. 

The barometer tube should be con- 
stantly watched in order to detect any 
air bubbles that may be carried over; 
when seen they must be cooked out by 
heating the tube slightly by means of a 
Bunsen burner. When the barometer 
tube has become filled with the mer- 
cury, the cock at x can be closed, the 
sealing wax is broken, and the tube is 
replaced by another. (F. Waldo). 

(5) Cleaning barometer tubes. To 
clean the tube of a film, &c., get a piece 
of iron wire and fix on the end of it a 
piece of wash-leather. It must be very 
fine wash-leather, cut into narrow 
strips ; wrap the iron wire from end to 
end, leaving a thicker piece at the end 
to tightly fit the tube. 

Clean with warm water, soda, and 
soap -powder, afterwards with cold 
water, using the covered wire all the 
time, of course replacing the wet with 
dry leather to finish. If the wire is not 
covered, the tube will most assuredly 
break, if not at the time, certainly 
within 48 hours after using the wire. 
Clean the mercury with nitric acid and 
water, say, for 4-51b. of mercury, 4 tea- 
spoonfuls of acid, and 20 teaspoonfuls of 
water ; put the whole into a soup-plate, 
and put it in the oven or before the fire, 
and heat up to about 140^-150® F., 
stirring it at intervals until the acid 
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lormB a sort of a powder or refuse on 
tbe top of the mercuijr. When cold, 
run the mercury through a line paper 
cone a few times, and [hen it is fit for 
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h most ingeuiouB form of 
diamond for cutting gauge-tubes. It 
n-as n short metal rod coTered with 
cotton with the diamond arranged at 
one end. An adjustabte stop at the end 
next the hand gave the length required. 
By inserting it in the tube and gently 
turning it with the diamond part against 
the inside of the tube, the inner sliiii 
was cut through and the tube easily 
parted. It was found in practice au 
, sdrantage to subsequently snoeal the 
cut end. This gave me the idea of 
using a metal rod with tafety to clean a 
tube with ; and, as already stated, I 
hare Dcver h.nd a smash. But I need 
hardly say 1 nerer attempted to force in 
too tight n wad of wash leather. On the 
contrary, it fitted very loosely. 

t7) Siphon barometer. A few 
words must lirst be said regarding the 
selection of the glass tube, as on its 
(itaess for the purpose the instrument's 
future eicellenoe will Tery much 
depend. Ordin-irv white, easily fusible 
glass tube shoul 



apt to attract its .oilde of 
lead, and not ouly become impure, but 
by adhesion to the inside of the bore 
hinder the free oscillation of the baro- 
metric column. The proper kind of 
tubing is that which shows a greenish 
tinge in the glass when looked at end- 
ways. For either of the instruments 
shown in Figi. 363 or364, it should not 
be less than ^ in. out»de diameter and 
{-in. bore ; and if slightly larger may 
■till be used with advantage. 

For the siphon barometer. Fig. 363, a 
piece of tube about 38 in. long is re- 
quired. This is to be well cleaned by 
lunning through it plenty of warm soft 
water, while at the same time a little 
swab made from a piece of soft, fine 
tinea, lied in the middle of a cord, is 
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palled throagh the bore from end f 
end. After the water has drained on), 
alcohol, in which pcecipi'ated chalk u 
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suspended, should be applied to the 
inside hj means of the swab. A clean 
swab, moistened with alcohol, will 
remove the particles of chalk, when, 
the cord being withdrawn, distilled 
water is to be poured through, after 
which the tube must stand in an up- 
right position till it has drained per- 
iectly dry, a little cap of paper, mean- 
time, being placed on its upper end to 
exclude dust. The inner surface of the 
tube must finally be polished with a 
small piece of soft washleather fixed on 
the end of a clean, smooth brass wire. 

The tube thus cleaned and dried is 
now to be closed at one end by drawing 
it apart in a gas flame about 2 in. from 
the extremity. The narrow pointed 
end, which forms when the tube is 
drawn asunder, should be pressed and 
rotated in the flame till a substantial 
and well-rounded closing has been ob- 
tained. About 32 in. from the sealed 
extremity a y-shaped bend is to be 
made. Care must be taken to make 
the curve a gradual one, as failure iu 
this respect would not only 'mar the 
appearance of the instrument, but 
might also tend to narrow the bore and 
make the bend a weak point. The arc 
of the curve is to be 1} in. The longer 
limb of the siphon is thas 32 in. long, 
and the shorter one about 3 in. The 
short limb is not to be bent down quite 
parallel with the longer one, but should 
make a slight angle with it, to render 
the subsequent introduction of the mer- 
cury more easy. The tube a is to have 
adapted to it a supporting stand 6, 
which may be a piece of dressed walnut, 
34 in. long, 3^ in. wide, and about ^ in. 
thick, rounded off at the top, and fur- 
nished with a brass screw and ring for 
hanging up. A shallow groove, curved 
to correspond with the bent tube, is 
made on the wood. The 3 small brass 
clasps c, provided for attaching the 
tube to its support, may be readily cut 
from sheet-brass, polished, bent to 
shape, and drilled with a hole in each 
end to receive the appropriate small 
brass screws. The sliding-scale support 
d is a slip of cherry or mahogany, I in. 
wide, -^ in. thick, and 28 in. long. 



having two longitudinal cuts / made 
therein, through which pass the screws 
/, which fasten it to the walnut scale 
and allow of its motion upward and 
downward. These screws may be of 
brass with milled heads, or a cheap and 
excellent substitute may be found in 2 
brass buttons with screw-stems sold for 
fastening carriage aprons. These are to 
have their stems passed through the 
longitudinal cuts e, and screwed into 
appropriate holes in the walnut support 
till their projecting shoulders bind on 
the scale support and prevent it from 
moving, except when required. The 
bottom k of the sliding scale support is 
a piece of sheet- brass cut to shape and 
attached by two small rivets or screws. 
Its angle or corner • is used as an index, 
as will afterward be explained. A 
scale k made of a piece of ivory veneer, 
4 in. long and about 1} in. wide, is re- 
quired for the upper end of the sliding 
support. This must be carefully and 
accurately divided into inches and 
tentjis, the lowest inch mark being 
numbered "29,' the next "30," and 
the upper one " 31." It will be well to 
have the figures and lines done by an 
engraver; but, if economy be a con- 
sideration, the markings can be very 
well ruled with a fine pen, and after 
the ink has dried a coat of thin dammar 
varnish will protect the lines from 
injury by moisture. The ivory scale is 
now to be fixed to the sliding support, 
with the upper end of which its top 
exactly corresponds. If the measures 
have been correctly made, its 30-inch 
mark will now be situated exact 30 in. 
from the bottom of the brass index. 
An excellent cement for attaching the 
ivory to the wood is made of a little 
isinglass dissolved by heat in equal 
parts of alcohol and water. The 
walnut support b should receive two or 
three coats of copal varnish. The 
cherry wood slide d may either be 
finished with boiled linseed oil or var- 
nish, according to taste. 

All parts of the instrument being 
thus fitted, it only remains to intro- 
duce the mercury. For this purpose 
the tube a being detached from the 
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support, is placed upon a level table and 
sustained by small pieces of wire, so 
that the short limb is uppermost, the 
long limb lying flat upon the table. 
The mercury used should be ns pure 
as possible : though if freshly-distilled 
mercury cannot be had that of com- 
merce may be used, provided it has not 
become contaminated by lead or kindred 
metals. A fair test of the goodness of 
mercury is made* by dropping a little 
into a clean white plate and causing it 
to run about. If bright round globules 
are formed, which readily coalesce and 
leave no trails of discolouration on the 
china, the metal is sufHciently pure. 
If, however, the drops become pear- 
shaped and soil the plate with dull, 
metallic splotches, the metal must be 
rejected. Before being used for filling, 
the mercury should in any case be 
forced through small pinholes in a piece 
of thin chamois skin to remove me- 
chanical impurities. The tube being 
filled, is next raised gently into a 
vertical position, with its closed end 
uppermost. The mercury will descend 
a few inches, showing the Torricellian 
vacuum in the upper part of the longer 
limb, while at the same time it rises 
and overflows from the open orifice of 
the short limb. From the latter, 
enough of it should be displaced, by in- 
serting a small round piece of wood 
into the bore, to leave a couple of inches 
empty. After this it only remains to 
finish the instrument by attaching the 
tube a to its support with the brass 
clasps c and screws. A narrow strip of 
green surface paper, 4-5 in. long, 
Flipped behind the upper part of the 
tube where the vacuum appears, is an 
improvement to the look of the instru- 
ment and an assistance when taking the 
readings. It will now be evident at a 
glance that by bringing the comer • of 
the brass index h level with the surface 
of the mercury in the short limb, as 
often as an observation is to be made, 
the height of the mercurial column in 
inches and decimals will at once be 
shown on the ivory scale. 

A small thermometer / fixed beside 
the sliding scale is at once a useful and 



ornamental addition to the barometer. 
A small cap m of metal or wood must 
be loosely fitted over the open end to 
exclude dust. (A. F. Miller). 

(8) Cistern barometer. The tube must 
be cleaned as already described, and 
closed at one end ; but instead of being 
bent it is left straight, and cut off at a 
length of 32 in. Fig. 365 shows a section 
of the cistern, which is simply a small 
wooden cup tui*ned neatly out of hard 
wood ; its outside dimensions being 1} 
in. diameter and 2} in. high, and the in- 
side cavity being 1^ in. diameter and 2 
in. deep. A cut made with a fine saw 
along the line a separates the under- 
neath part of the cistern as a small 
wooden ring, to the bottom of which 
must be glued a piece of stout wash- 
leather b, made loosely convex so as to 
bulge readily inward and outward, 
forming the cistern-bottom and supply- 
ing a movable surface on which the 
atmospheric pressure is to act. A hole 
c in the closed top admits the pipe df, 
which passes down into the cistern till 
its end is level with the line of division 
Oj and is secured in place by being 
cemented where it goes through the 
wood of the top. A small hole e for 
adjusting the height of the mercury is 
made i in. below the closed top of the 
cistern, and stopped for the time with a 
little wooden plug. 

The filling with pure mercury is to 
be done as already described in the case 
of the siphon, except that the tube may 
now be placed in a nearly vertical posi- 
tion with its closed end downward ; a 
small straight funnel is to be used for 
pouring through. The cistern, which, 
owing to the position of the tube, is 
also to receive as much mercury as will 
fill it to the edge a, after which the 
ring-shaped piece, bearing the wash- 
leather bottom b is coated with glue on 
its sawn surface and pressed on in place, 
so closing the cistern. As soon as the 
glued joint is firm, the tube may be 
turned up into proper position by 
placing the finger on the washleather 
bottom, and pressing it inward till the 
orifice of the tube is felt, when the 
whole is quickly inverted. Thus no ai; 

2 £ 2 



420 



fiAttOM&TfiRd. 



enters the tube daring the moment of 
turning over; and as an instant later 
its opening is covered by the mercury 
of the cistern, the vacuum is now 
secured. Care should be taken, how- 
ever, never again to turn the cistern 
bottom upward. The tube being now 
in a vertical position, the level of the 
mercury is adjusted by removing the 
plug from the hole e when the super- 
iiuous metal escapes and the column in 
the tube descends, leaving the vacuum 
above. The plug is then to be rein- 
serted and glued in place. 

The stand (which it is well to make 
and fit to the tube before the latter is 
filled) is shown in Fig. 364. It may be 
of walnut, mahogany, or cherry, and its 
general style and finish must depend 
on the taste of the maker. A shallow 
groove down its centre receives the 
tube /, and an oblong cavity at the 
bottom admits the back of the cistern, 
while its front may be covered with a 
hollow ornamental turning g as repre- 
sented. The scale A, which in this case 
should be 5 in. long, may be ruled on 
ivory as already suggested, though an 
instrument of this description is really 
deserving of a well-made engrav^ 
scale, with a vernier giving readings to 
the hundredth part of an inch. Such 
a vernier » is a narrow piece of ivory 
1 1 in. long, provided with a groove to 
receive the inner edge of the ivory scale 
along which it slides next to the tube, 
a hollow being cut in the wood of the 
stand behind the scale to admit of its 
motion. It is divided into 11 equal 
parts by 10 horizontal lines numbered 
downward from 1 to 10, each of the 
divisions measuring therefore -U-^^^ 
in. The SO-in. line of scale is to be 
placed exactly 30 in. above the centre 
of the hole ^, which marks the level of 
the mercury in the cistern. It is best 
to affix the scale to the stand by little 
brass screws. A small thermometer k, 
opposite the barometer scale, adds to 
the elegance and efficiency of the instru- 
ment. A slip of green surface paper 
should be pasted in the groove behind 
, the tube before the latter is fixed in 
place. The top of the tube / should be 



covered by a small turned button / of 
bone or wood. (A. F. Miller.) 

(9) There is no occasion to wash out 
barometer tubes at all if new, and old 
should on no account be used ; the only 
cleaning required, and all damp inside 
the tulM must be avoided most carefully, 
as it is almost impossible to dry it after- 
wards, is a clean bunch of cotton on end 
of a string passed through the tube once 
or twice, or swab of linen. On no 
account pass wire of any kind through 
glass tubes, as if you do the tube will 
infallibly break in a short time. The 
longer limb of the siphon need only be 
32 in., as the range of barometer never 
exceeds 31 in. The extra length repre- 
sents a terribly extra weight of mercury, 
and as that metal is very dear, a good 
many pence are saved. The mercury, 
if bought from a respectable firm, is 
quite pure enough without being dis- 
tilled, but on no account must damp be 
allowed to get to it before being placed 
in the tube. The best way of filtering 
the mercury is to take a piece «f wri- 
ting paper and well dry it before a fire, 
then twist it into a cone with a very 
fine hole at the bottom exactly like the 
grocers do up sugar in ; a little knack 
is required for this, but will soon be 
acquired. Now comes the worst job of 
all, the filling. The usual method is to 
shake it in, but it is a most difficult 
thing to describe. The proper way is 
to introduce an inch or two of mercury, 
very gradually warm the tube, and boil 
the mercury ; allow it to cool, and add 
another inch or two ; warm, boil, and 
allow to cool ; and so repeat till full. 

But I have never seen a siphon tube 
boiled ; the air is thoroughly shaken out, 
until, when the tube is slightly inclined, 
the metal strikes the tbp of the tube with 
that peculiar click which shows all air 
is expelled. 

If amateurs take my advice, and do 
not boil,, they will save themselves a 
good deal of trouble and loss, as very 
likely 3 or 4 tubes will ^y during the 
boiling. Thus there is loss of tube, and, 
wlat is more expensive, mercury ; and 
I will promise that if the air is well 
shaken out, the tube will read within 
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iS6~"i?ff ^ * standard barometer. Of 
course these remarks do not apply to 
pediment or standard instruments. 

The wooden cisterns are screwed, and 
the leather is laid on the bottom, being 
cut to fit inside the flange. Now fasten 
the tube in the top, the end of the tube 
being level with the bottom of cup-lilce 
depression in upper part of cistern. 
When fastened, fill the cistci-n with 
mercury up" to level with top of cup, 
part screw on bottom with the leather 
previously fitted, and you will find it 
securelv held between the two surfaces 
of the wood. Glue a slip of paper round 
outside of joint, and it is finished. There 
need not be any hole inside if done this 
way, and therefore no glue used that is 
at all likely to touch the mercury, as 
if once damp gets in the instrument is 
ruined. 

(10) The vernier should be lyij in. 
lung, and this should be divided into 10 
equal parts, each part would then be 
equal to -^ in. by ■j\j of -^ in., that is 
to say to ^ in. by ^„ in. or ^\5 in. 

(11) Camphor Barometer, or " Storm 
glass.** It was discovered by our an- 
cestors that the height of the undis- 
solved camphor in a camphor bottle was 
different in different states of the 
weather, and it became quite customary 
to keep a camphor bottle in sight, in 
order to anticipate the change in the 
weather, it being thought that an in- 
crease in the height of the camphor 
indicated approaching rain or wind. 
The inventive genius of our age could 
not long allow the instrument to remain 
in this crude form. The camphor * and 
alcohol were put into long glass tubes 
hermetically sealed at the top, and ad- 
justed in a frame with a thermometer 
attached. The side of the frame next 
the tube was divided into three divi- 
sions. On the bottom one was marked 
the word *' Fair,** on the middle " one 
" Change,'* and on the top one " Storm. ** 
A note accompanying the instrument 

* Other Ingredients besides the camphor are 
now included. I find It stated that two parts 
camphor, one part nitmte of potash, and one 
part sal ammoniac are put into the alcohol, and 
a little water added. 



stated that the weather was indicated 
by the word in the division with which 
the top of the chemical substance cosre- 
sponded. It also stated that the direc> 
tion of the wind was shown by the 
substance being a little higher on tha 
opposite side from which the wind came. 
These were manufactured and sold all 
over our country uhder the name of 
" Storm Glasses," or " Chemical Baro- 
meters.'* One firm, adopted the name 
of "Signal Service Barometer,'* and a 
number of people in possession of these 
instruments really think they have one 
of the genuine barometers which the 
Signal Service use in its predictions. 

The fact that the manufacturers have 
hermetically sealed the top of the tubes 
fortunately assists in an investigation of 
the cause of the instrument's action, for 
it is evident at once that the contents 
of an impermeable, air-tight vessel of 
glass can neither be affected by varia- 
tions in the atmospheric pressure nor 
moisture. That light is not the cause 
of its action can be easily shown, for the 
chemical substance varies in height in 
the dark just as it does in the light. 
Neither can its changes be due to the 
action of the electricity of the air, for 
the changes of the tube take place the 
same in a protected shelter as they do in 
the open air, and the electric potential 
inside of a shelter is always zero. We 
turn to changes of temperature for the 
cause of its variations, and find a most 
satisfactory explanation of its action. 
If it is winter, one can easily convince 
himself of this by taking the instru- 
ment into a warm room. If now the 
instrument be hung out of doors, the 
precipitate will in a little while increase 
greatly in quantity, and if the differ- 
ence of temperature is considerable, the 
alcohol in the tube will be filled from 
top to bottom. I have a tube on which 
I have divided the length from the top 
of the alcohol down to the bottom into 
ten parts, and these again into ten parts, 
so that I can read the height of the 
precipitate at any time in hundredths of 
the greatest height to which it is 
possible for it to extend. March 24, I 
found the instrument hanging in my 
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room read 21 on the scale, temperature 
inside of room 73% outside 27^. I 
placed the instrument outside, and in 
two minutes little stars began to form 
at the side and to move down toward 
the bottom and up to the top again in 
the centre of the tube. These continued 
to increase in size, and in 5 minutes the 
alcohol was about } full of them. As 
these increased and the circulation of 
the liquid became slower, they began to 
accumulate at the bottom and some- 
what at the top, until in 20 minutes 
the alcohol was full from top to bottom. 
I brought it inside the house, and in a 
few minutes the precipitate beg:in to 
take on a more attenuated appearance 
and to slowly decrease in height. In 
20 minutes it read 21 again. Readings 
of the height of the precipitate taken 
every 10 minutes were as follows: 
4:55 P. M., 100; 5:05 P. M., 93; 
5:15 P. M. 80; 5:25 P. M., 50; 
5:35 P. M., 21. Another instrument 
with a scale arranged in exactly the 
same manner had been hanging butside 
for a month or two, and read 50 during 
the whole exiteriment. The instrument 
in my room was next put into warm 
water, and I found that at a tempera- 
ture of about 100° ever particle of the 
precipitate would disappear. 

If allowed to remain in the water 
while it cooled, little stars or flakes 
>would begin to appear in the alcohol, 
and when it had fallen to a temperature 
of 70® or 75°, the alcohol would be 
entirely filled with the precipitate. If, 
then, the indications of the instrument 
are to be relied on, it is easy to get up 
a storm on short notico. 

Suppose, when an instrument has 
been carried out of a warm room and 
the precipitate fills the alcohol from top 
to bottom, that it is left outside, as was 
done on the first of January, with the 
instrument han^ring outside referred to 
above/ In such a case, after the instru- 
ment has been out some time, the 
column of precipitate will begin to 
shorten, even though the temperature 
remains the same ; and it will be 
noticed that the bottom presents a more 
compact appearance. After about a 



week or 10 days, the precipitate will 
have entirely lost its feathery appear- 
ance, except, perhaps, a little at the 
top, and will present a compact granu- 
lated mass filling about half the tube, 
if it is w:inter, and about one-quarter, 
if it is summer. If while the column of 
precipitate was shortening there was 
any considerable change in temperature, 
there might be some minor oscillations 
in the length of the column, but the 
whole tendency would be downward. 
When this state is attained, the pre- 
cipitate dissolves very slowly in the 
alcohol, and the instrument is capable 
of going through considerable changes 
in temperature without much change in 
the height of the precipitate. Thus, 
suppose in the morning the temperature 
was 40°, and by noon had risen 50°, the 
height of the column may show no per- 
ceptible decrease, because the dense 
crystals dissolve slowly, and the alcohol 
lacks considerable of containing as much 
as it could dissolve at the latter tem- 
perature ; but when toward night the 
temperature again falls to about 40°, 
the liquid is nearly saturated ; and, if 
by the next morning the temperature 
has fallen to say 32°, the liquid will 
be filled to a considerable height with 
light, feathery crystals which readily 
dissolve on a rise of temperature, or if 
the temperature remains stationary, 
settle to the bottom changed into the 
more compact granular crystals. To 
illustrate from observation — on January 
13, the temperature in the room for 
about a week had been ranging from 
about 60° to 70°, and the height of the 
precipitate in the instrument had been 
almost steady at 23 on the scale, when 
the temperature in the room on the 
evening of the 13th fell to 52°, and 
light flakes of precipitate began to form. 
I knew the liquid was now supersatu- 
rated, and any further decrease in tem- 
perature would cause a decided precipi- 
tation. On the morning of the 14th, 
the temperature had fallen to 43°, and 
the height of the column of precipitate 
was 32 on the scale. I observed the 
instrument inside the house and the 
one outside, three times a day during 
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Januarjr and Febraary, and it was always 
found that the height of the two 
columns varied in opposite directions 
whenever the temperature changes in> 
side and outside were in opposite direc- 
tions. 

I observed the instrument three times 
a day during the whole summer and 
autumn of 1881, and there was never 
an increase in the height of the precipi- 
tate without a corresponding fall of 
temperature, or a decrease without a 
corresponding rise of temperature. It 
will thus be seen that the instrument is 
not a *' storm glass " or a *' chemical 
barometer," but a chemical thermo-' 
meter, and a very poor thermometer at 
that. 

Do its indications bear any relation 
to weather changes ? Yes ; because 
temperature changes are closely related 
to other weather changes. In the 
summer under an extended but moder- 
ately high pressure area, or anti-cyclone, 
there usually exists beautiful, fair, 
warm, settled weather, and the top of 
the precipitate will be even with the 
division marked " Fair." When showers 
come on, the air turns cool, and the 
precipitate rises to the division marked 
'* Change." Whenever an area of de- 
cided low pressure passes over the 
country, the air is warm in front of it ; 
and as the centre passes over, there is 
usunlly a sudden fall of temperature. 
This causes the precipitate to rise up to 
the division marked "Storm," and the 
wind in such cyclonic systems is always 
high, especially in their rear. In the 
winter the top of the precipitate is 
nearly always up in the division marked 
" Change," and as the weather is eter- 
nally changing, I suppose it may be 
considered about right. On the contrary, 
a decided anti-cyclone may in summer 
bring cool weather ; and the precipitate 
will rise up into the division marked 
" Storm," accompanied by the clearest 
skies and delightful breezes. It is also 
common for rains to pass over without 
any material changes in temperature. 
|n such cases the height of the precipi- 
tate will remain unchanged. The in- 
dications of the instrument are then 



sometimes right, sometimes wrong, like 
the negro's dumb watch, which was 
always right twice a day, but, as it gave 
no indications of the time when it was 
right, it was not worth much as a prac- 
tical instrument. (H. Helm Clayton.) 

(12) Glycerine Barometer. — The 
marked influences of the variations in 
the pressure of the atmosphere upon the 
disengagement of carbureted gases in 
coal mines has led engineers to devise a 
new barometer that will not only indi- 
cate the most minute variation of atmos- 
pheric pressure, but will indicate it so 
plainly that miners and others not ex- 
perienced in making barometric obser- 
vations can readily detect the varia- 
tions. 

Among the instruments of this class 
one of the most interesting is the large 
water barometer constructed for the 
Royal Society by Prof. Daniell, in 1830, 
which, however, was not a success, as 
the effects of the pressure were annulled 
by the effect of the temperature upon 
the vapour found in the Torricellian 
vacuum. 

B. Jordan, a memt)er of the office of 
the English mining archives, has spent 
several years in studying the diffierent 
liquids that might possibly be applic- 
able in constructing an accurate and 
highly sensitive barometer, and finally 
found that glycerine produced the best 
results. A glycerine barometer con- 
structed by Jordan, 1870, is still in use. 
The glycerine is very pure, and has a 
specific gravity of 1*26, and on account 
of its high point of ebullition the 
vapours have no perceptible tension at 
the ordinary temperature, and it will 
only congeal at a very low temperature. 
The height of a column of glycerine is 
26 ft. 9 in., and a variation of -J^ in. 
of mercury corresponds to a variation 
of about 1 in. in the column of glycerine. 
As glycerine is very apt to absorb the 
moisture of the air, it is covered with a 
thin layer of prepared thickened petro- 
leum in the cistern of the barometer. 
Jordan has constructed barometers for 
the South Kensington and Jermyn 
Street Museums; both have given 
perfect satisfaction, apd tp show tho 
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scUDtilic tbIus of the 
Rofal Suciety hsi bnilt 
OhatTvutotJ. 




OlrcerlM iMRmwter, 



tinnsil copper, about 6 in. high anil 
10 in. diaoieter, provided nith a scnvr 
cover or cap, haviog a email opening 
leading into a recus contaiQiDg cotton 
ti> net a> filter and keep cut the dust. 
The large haiametric tube ia made of 
ordinary gas pipe, abont f in. diameter, 
and is rigidly attached to the cylindrical 
ciitern or cup. The upper eud of this 
tube fiti into A piece of broDie, iato 
be, j in. diameter and 
high i> securely cemented- 
Thii tabe terminatea in a cnp inclosing 
a rubber packing. Graduated scales 
provided with indicator! are placed at 
ench siile of the glass tube, the one on 
the left aide indii:ating the inches and 
(entha of inches, and the right-hand 
scale shows the equivalent measure of a 
corresponding column of mercury. The 
scales are attached to an oakeo plaak, 
which is fastened to the wall of one of 
the upper storeys of the obaervatory, 
and the large tube passes dowD to a 
'room situated 26 ft. 9 In, lower. The 
glycerine in the barometer ia coloured 
with aniline red. Before putting the 
glycerine in the tube, it ia bailed at B 
iratnreof about ISO" tc 






t pure 



Thoai 



iihnasted from the barometer tube by 



>ofaL 



1 the 



mlar 



at the Kew Observatory, where it ia 
considered to be n scientilic instrument 
of the greatest pretiiion. 

(13) How to make a Glycerine Baro- 
meter.— A bottle about n quarter filled 
with glycerine, coloured red with ma- 
genta or crimson aniline, hai a glaa* 
tube of about the diameter of a pencil 
passing airtight through the cork, which 
is inserted airtight into the bottle. The 
lower end of the tube dips beneath the 
surface of the glycerine. The bottle ia 
made to contain compressed air by blow- 
ing into the upper end of the tube. 
On removing the mouth, part of the 
glycerine will vise in the tube nntil the 
weight of the liquid column in the tube 
and the atmosphere balance the internal 
air presaure on the surface of the gly- 
cerine. The column in the tnbe will tend 
to riae when the pressure of the atmos- 
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phere diminishes, or the temperature of 
the compressed air rises, and to fall when 
the atmospheric pressure increases or 
the temperature of the compressed air 
diminishes. So far as the variation in 
the height of the column is due to 
changes in atmospheric pressure, the 
column moves in the opposite direction 
from that in a mercurial barometer. 

It will now be seen that it is desirable 
to eliminate from the reading of the 
barometer scale the effect due to a 
change in temperature. Simultaneously 
observe the reading of the barometer 
and a thermometer at hand. Next find 
the difference between the readings, 
calling that of the thermometer the 
minuend. The difference is regarded as 
the relative pressure of the atmosphere 
at the time of observation. The divi- 
sions on the instrument are \ in. apart, 
and the length of the tube above the 
bottle is 25 in. It seems better to have 
100 divisions than any other number. 
These divisions bear no relation to those 
on mercurial and aneroid barometers. 
Each instrument is intended to be com- 
pared with itself to indicate a relative 
pressure of the atmosphere. In the 
instrument the degrees are marked and 
numbered with a pen on a strip of 
paper obtained from a ribbon roll ; this 
is pasted upon a neat wooden case be- 
hind the tube. The case has a recess 
into which the bottle is let. A neat 
piece of wood, of the proper shape, 
secures the bottle, while leaving it 
almost entirely in view. Two small 
wire staples secure the tube to the scale. 
If desirable, a paper scale may be pasted 
upon the tube, thus dispensing with a 
case. 

Of course, it is liable to be broken 
when thus constructed. The use of a 
thermometer is scarcely necessary if the 
barometer is kept in a cellar or any'place 
where the temperature is nearly uniform. 

With a tube 3-4 ft. long, the bottle 
may be buried in a large box of dry 
sawdust, or any other poor conductor of 
heat, in a finely divided state. The 
instrument will then give fair results 
w^ithout using either a thermometer or 
a cellar. 



The advantage of using glycerine, 
instead of water, is that glycerine 
scarcely evaporates ; besides, it will not 
freeze except at a very low temperature, 
and if a minute quantity of water be 
present, it never becomes solid. 

A thin glass tube, 4 ft. long, can be 
bought for 5d. at the drug stores in 
cities. The glycerine and magenta will 
cost less than 2d. By making an orna- 
mental case one may, with a little 
ingenuity, produce a beautiful instru- 
ment. It will foretell fair, changeable, 
and stormy weather as well as a mercu- 
rial barometer costing thirty times as 
much. 

The upper end of the tube should be 
loosely filled with cotton to keep out 
the dust. After having forced air into 
the instrument, it should not be allowed 
to approach a horizontal position, fur 
the compressed air may blow the column 
out of the tube ; if this does not happen, 
a large air bubble may separate the 
column, and render the instrument 
useless. No particular dimensions are 
requisite for either the bottle or the 
tube. The magenta is used merely to 
render the column more readily visible. 
Other colours may be used, but this is 
the most beautiful. (J. Asher.) 

(14) Portable mercurial barometer. 
The chief faults in the ordinary baro- 
meter are imperfect vacuum and a 
degree of capillarity in the mercury 
which makes it difficult to read the true 
level. With portable barometers it is 
rare to get accurate results. Kralvitch 
overcomes the obstacles by the instru- 
ment shown in Fig. 3S7. The two 
chambers a 6 as well as the tubes join- 
ing them, are filled with pure dry 
mercury. The chamber a communicates 
with the chamber dhy b, capillary tube. 
On tipping the barometer, the mercury 
in b flows into a, displacing the air, 
which escapes by the tube c into cham- 
ber df and cannot return to the baro- 
metric chamber a. The reservoir A 
assists in filling the tube, which is done 
cold. On reversing the tube, the air 
collects and escapes at the hole o. At 
m is a rubber tube uniting the two por- 
tions of the instrument and capable of 
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txidg cloMd hj a pinch cock. Bf Tt- 

ptatedly rcTening the tube, all air ii at 
laiC forced ont of the baronntric cham- 
ber a. The inetTameiil ia randered 
portable by r«T«niag it, and pntting 
the pinch-cock on the rubber tube. 
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(15) How to read the baromcler 
The barometer ia only an eitremel; 
■enaitire balance, or a msnometei 
showing the Taristions of atnioipherii 
preeiure. The earl; makeri of oni 
form of the iuitrunient had the ud 
fortunate idea of marking certain pointi 
on the dial with the words "fair,' 
"rain," "storm," 4c.; their eiampli 
haa been followed blinjly, and hence 



the bad reputation of the barometer. 
The paiaage of dry windi over our headi 
naturally cs ' ' 



hile dan 



wind! have the 



not be forgotten 
that rainy nindi in Europe come from 
the aautn-weat, and arc ascendant in 
latitade — they raiae the air, and in the 
same degree lighten the barometer ^ on 
the contrary, dry winds come from the 
north and eait, are cold, and descendant 



de— they dri. 



the 



the 



the sarlace of the earth, and caus 
barometer to fall. The baroi 
shows Tery well the great atmospheric 
perturbations — the only condition being 

The dinmal course of the snn aboie the 

barometer, it heata the atmosphere, 
causing ascending currenta of air, which 
create a fall in the lerel of the mercury 
in the afternoon, and a return towards 
the former lerel in the evening. It ia 
evident that the barometer may vary 
from three distinct causes; by change 
of altitude, nndsr the influence of dry 
and moist winds, and under the action 
of the solar rays dependent on the hour 
of the day. These premises being 

eicellent instruments, one placed, for 
instance, on the lower, and the other 
on the upper part of a house, should 
never agree. Proprietors of certain in- 
struments declare that theirs are the 
only barometers to he trusted ; old 
friends will dispute about them. With 
the present mode of graduation, it is 
rare to Und two barometers in the same 
house marking even the same diviuon of 
the dial; the inatrument which marks 
"rariable" on the ground-floor will 
incline to "rain" on the fifth storev. 
for in a houie 60 ft. high the dtlference 
in the height of the column of air is 
abont 2 mm. Take a small aneroid 
wheel barometer in your hand and 
walk up or down a street with a sha | 
II find the needl 



and fall 
senting abni 
variation. 



varda " fine 
yon 
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French barometers are generally 
gradaated for Paris, and cannot possibly 
be correct in places of different altitudes. 
The position of the index is altered. 
The barometer is affected much by 
latitude, and a little by longitude ; the 
oscillation is altered, and no change in 
the index will correct the error. 

Suppress the deceptive indications on 
the dial, and the barometer may be 
consulted anywhere with profit. When 
the mercury is rising or falling, the 
indication of the same foretells faith- 
fully the probable weather to be ex- 
pected. The only exception occurs 
when two opposing currents are 
struggling against each other ; in such 
a case the barometer will be scarcely 
affected, yet the rain may fall suddenly. 

Generally, rapid variations of the 
instrument indicate change ; when the 
fall is rapid, rain may be expected ; 
when very rapid, storms. The import- 
ance of the atmospheric perturbation is 
in proportion to the rapidity of the fall 
of the mercury, but the duration of bad 
weather is in general long in proportion 
as the fall has been gradual and con- 
tinuous. If the mercury mount very 
rapidly, the weather is not completely 
changed ; it mounts more rapidly than 
it falls, but still there are differences 
to be observed. In testing the condition 
of the mercury by tapping gently with 
the finger, it is not safe to accept the 
rising of the index as a sign of fine 
weather; it must be remembered that 
the barometer, unless acted upon by a 
tolerably energetic current, has a 
marked tendency to rise between 5 
o'clock in the afternoon and midnight, 
to fall between midnight and 5 o*clock 
in the morning, and to rise again 
between 5 a.m. and mid-day. 

Cameba Lugida. 

(1) The camera lucida is an apparatus 
which renders great services to land- 
scape painters by permitting them to 
see upon their canvass or drawing-paper 
the landscape that they wish to repro- 
duce, and to sketch its outlines with an 
accuracy and rapidity that cannot be 



attained by means of the unaided eyesight. 
For reducing or enlarging drawings, 
maps, plans, &c., the camera lucida also 
gives excellent results. In short, this 
instrument forms part of the profes- 
sional tools of the majority of artists, 
designers, engravers, &c. 

The camera; lucidsB invented by 
WoUaston have since been more or less 
improved upon, but all are based upon 
the same principle. They consist of a 
right-angled triangular prism, one of 
whose faces is covered with a small 
mirror. The rays, proceeding from the 
object whose image it is desired to see, 
first meet the prism, where they are. 
refracted at their entrance and exit and 
then strike the mirror, and from this 
are reflected so that the draughtsman 
receives them in the direction of the 
sheet upon which he wishes to draw, 
and is thus enabled to trace their con- 
tours with a pencil. But a WoUaston 
camera lucida costs 1-5/. Now it is 
possible to obtain the same effects as are 
given by this apparatus, by using a 
simple mirror, or any bit of silvered 
glass, this fact being due to a physio- 
logical peculiarity of our vision. 

When we look at an object, each of 
our eyes perceives its image, but the 
two images are superposed, and we thus 
have a perception of but a single object. 
If, by a slight pressure upon one of our 
eyes, we move the globe of the latter, 
while looking at the same object, the 
two images will be perceived separately, 
or, in other words, we shall see double. 

It is probable that animals whose 
eyes have different directions, those for 
example that have eyes at the side, like 
many herbivora (hares, gazelles, &c.), 
or that carry them upon peduncles 
(like crustaceans), do not perceive 
superposed images as we do. 

It is due to such superposition of 
images that when we station ourselves 
before a sheet of white paper affixed to a 
wall, and turn so as to face it, it is 
possible, by looking with one eye into a 
small mirror, to see upon the paper, by 
means of the other eye, a reflection of 
the object situated behind us, and to 
thus easily follow or trace its outlines. 
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It is a Tery simple matter to get up a 
camera lacida upon this principle. 

As for the arrangement of the 
apparatus, we may affix a small mirror 
with wire to the cover of an open 
sketch-book, and so place ourselves that 
we may, with the left eye regarding the 
mirror, see with the right a reflection of 
the object that we desire to draw. 
This image will be seen upon the ver- 
tical part of the drawing- paper in 
front of us, and we may then follow 
it in all its outlines and details, as we 
would do with an ordinary camera 
lucida. {La Nature). 

(2) In all forms of camera lucida are 
more or less defects, such as limitation 
of field, distortion, indistinctness of 
image or of drawing-point, awkwardness 
of position, &c. Being engaged in 
endeavouring to simplify and perfect 
the construction and adjustment of 
Wenham's high -power binocular prism, 
it occurred to me that his arrangement 
of prisms might be modified, so as to 
be available as a camera lucida in which 
the defects of the forms hitherto made 
would be considerably reduced if not 
entirely eliminated. 

Assuming a 45^ inclination of the mi- 
croscope to be the position most generally 
convenient for drawing, I drew on a 
large scale the system of prisms which 
appeared to be suitable for a camera 
lucida. Messrs. Ross undertook to con- 
struct the prisms to my drawings, and 
the apparatus was found upon trial to 
answer my expectations fully. I am 
induced to describe it because it has also 
met with much approbation from micro- 
scopists, who were previously disinclined 
to believe in the possibility of any new 
device at the present day, which should 
be substantially better than the nume- 
rous older forms which apparently 
exhausted the subject. 

It is well, known that all forms of 
reflecting prisms acting by means of 
one reflection are extremely sensitive in 
regard to the position of the mirror in 
relation to the microscope, as also in a 
less degree in relation to the eye ; the 
slightest deviation from the normal 
position in many cases entirely destroy- 



ing the effectiveness of the apparatus. 
For this reason camerse Incidse acting by 
one reflection have not found favour, 
though their apparent simplicity has 
induced the construction of many such 
forms. 

In order to obviate the difficulties 
incident to the use of one reflection ; 
many devices have been made acting by 
two reflections, and where these have 
been so contrived as to act like parallel 
mirrors, the reflected image has possessed 
the advantage peculiar to this principle, 
of being practically insensitive ^to slight 
differences of position relative to the 
microscope or to the eye, remaining in 
fact stationary within a considerable 
range of adjustment, as in Wollaston's 
camera lucida. 

My device (Fig. 368) consists of a com- 
bination of a right-angled prism (Fig. 
369), ABC, and a rhomboidal prism 
D £ F G, so arranged that when adjusted 
very nearly in contact (i.e. separated by 
only a thin stratum of air) the faces 
B C and D E are parallel, and conse- 
quently between D E and B E they act 
together as a thick parallel plate of 
glass through which the drawing-paper 
is viewed. The rhomboidal prism is so 
constructed that when the face GF is* 
applied at right angles to the optic 
axis of the microscope, the axial ray H 
passes without refraction to I on the 
internal face E F, whence it is totally 
reflected to J in the face D G. At J a 
part of the ray is reflected to the eye by 
ordinary reflection in the direction J K, 
and a part transmitted to J' on the face 
A C of the right-angled prism. Of the 
latter a portion is also reflected to K by 
ordinary reflection at J'. The hypo- 
thenuse face A C is cut at such an angle 
that the reflection from J' coincides with 
that from J at the eye-point K, thus 
utilising the secondary reflection to 
strengthen the luminosity of the 
image. The angle at G is arranged so 
that the extreme marginal ray H' from 
the fleld of the B eyepiece strikes upon 
D G at a point just beyond the angle of 
total reflection, the diffraction-bands at 
the limiting angle being faintly dis- 
cernible at this edge of the field. This 
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BDgle gives the greatcstamountorUglit object is in a laminous fislii the light 

bj ordinary reflection abort of total »□ the object(eBpecial1jiTitbl>inpligbt) 

TeflectioD. mny be ad'antageouily aubduetl by 

By this arraagement the Ramsdeo. ground glass or similar meniu. The 

circle over the eyepiece comes .just above eye may be removed as often as required 

the camera lucida, and the Held of rieiv from the camera, sod the work reeom- 




is not in any wny reduced ; all that < 
be seen directly through the B eyepiece 
(say 30° of field) is perfectly Jepicted 
in the camera lucida, ivhilst the draving 
being viewed direct is of course not cut 
down in field. 

In practice the microscope should be 
inclined about 45°, and the image ac- 
eurntely focused through the eyepiece 
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less until the microscopical image is eeen 
distinctly and the illuDiiaation of the 
field is equal throughout. The drawing- 
paper ia placed on the table immediately 
under the camera. The observer will 
then see the mioroscopicsl image pro- 
jected on the paper, at the same time 
viewing the pencil-point directly. The 
irAob pupil of the eye i« available for 
bath images, the diaphragm oa the 
apparatus being considerably larger 
than the pupil. It may be neceaaary to 
balance the illnmination either by sub- 
duing the light in the microscope or by , 
increasing it oji the drawing paper. It 
will gener;illy lie found that when the I 



menced without the slightest shifting 
of the image ; and with properlv 
balanced illumination, (ully shaded 
drawings can be made with very little 
practice. The drawing-paper should in 
every case he placed at the distance of 
distinct viaion, either using spectacles or 
not. If the vertical position of the 
microscope be preferred, the drawing- 
paper may be inclined 48°, either in 
front or at the side of th« instrument. 
For very accurate drawings in oil 
aiimuths, the drawing-paper should of 
course wholly col nciile with the planeof 
the optical image, as with every other 
form of camera lucida. A spring clip is 
provided in which a screen of black 
paper may be put to shade the efe not 

This form of camera lucida can be 
modified so as to project the image at 
any deured angle. It can be used with 
the dissecting microscope or hand- 
magnifier, also on a stand for archi- 
tectural or mechanical drawings. (H, 
Schriider.) 
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Thtre are rsTiooa methoda of aicrr- 

taininft the height! of tre*s, all more a Mmvenient 

)i leu latiafactor; ; but the aimpiest meoaurement 

ind moat efficieLt contrivance that haa This instri: 



it and clamp . 

ahod pole abont4^ ft. long — 
—' """ight for taking tree 
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vented b^ Kay. 



istrn* I principle which appliei to all light- 
lofti I angled trianglea. Theside AB(Fig. 370) 
cnied the haje-line, and correaponds 
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or other object intended to be meesuled, 
to the foot of the obierver. "' " 
lunnJDg perpeoditular to the base Imi 
repreeent the altitude or height of thi 
object tither in feet, links, or 
Tsrdi, according to the uale 
by which the baie line ia 
measured. ■ The height of any 
giren tree is indicated on the 
face of the dcndrometer at 
the point where theplomb line 
(suspended Itodi the point a) 
interucts the perpendicular 
line corresponding with the 
distance on the baee line from 
.e trunlt of the 



the centre of the bole of the t 
alaff of the dcndrometer. At 
(where the operator etanda) the ! 
the dendrometer is to ' " ' 






the 



liguree along the top and 
bottom of the instrument 
show the number of divisions 
corresponding to the lines of 
altitude intersected b; the 
pinmb line. 

Each line of altitude repre- 
seated on the instrument cor- 
responds with a unit of the 
scale employed, whether this 
scale be |^a feet, links, or 






The 



arlied only at every fifth 
unit, thus, 5, 10, 15, 20, and 
so on. Whatever standard of 
measurement is fiied upon, 
whether it be in feet, links, 
or yards, for the base tine, 
it is of course understood 
that the lines of altitude 
roust be £ied to the same 
scale. The divisions on the 
face of the instrument are 
150, but if at any time it be 
desired to ascertain the height 
of an object above 150 ft., the 
diriuona of the instrnmenta 
most be termed yards, when, 
of course, a height of 450 ft. 
can be meaanred. 

The mode of using the dendrometer is 
a« follows : — Suppose the object to be 
measured be a tree. The operator must 
first place himself at a sufficient dis- 
tance from the tree so that the extreme 
top of it can be distinctly seen. Note 
most then be made of the distanca fiom 
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ground. Then letting the instrument 
in the direction of the tree turn the 
sqnare face of the instrument (which 
works on a pivot fiied at the upper 
angle) ontit the plumb line falls direct 
upon the line A B (Fig. 3T0> Fix the 
square in this position by the clamp 
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tcreW) and then look through tho 
^* sight " (the perforation running 
through the square from C to A,Fig. 370), 
and mark the place on the tree where 
the line of sight cuts the tree, as at B in 
Fig. 371. This point (b) will give the 
level corresponding to the height of the 
observer. Next loosen the clamp screw 
and turn the square until the line of 
sight cuts the extreme top of the tree, 
then tighten the clamp screw again. 
The plumb line will then be seen to 
make a triangle with the base and alti- 
tude lines, as shown in Fig. 370. The 
height of the tree will be indicated by 
the number oftheline'of altitude, which 
is intersected by the plumb line, on the 
base line corresponding with the 
measured distance from the tree. 

The diagram (Fig. 370) shows clearly 
what takes place during an observation.. 
Suppose the base line from the centre of 
the tree trunk to the observer measures 
50 ft., and after *' sighting " the top of 
the tree the plumb line falls over the 
square in the manner indicated in the . 
diagram (the upper figure), the height 
of the tree measure! would then be 
25 ft. Again, if the b:ise line measured 
100 ft., and after ** sighting " the top- 
most point of a tree, the plumb line fell 
across the square, as in the lower figure 
in the diagram, the tree would be 50 ft. 
in height. Of course, in every case the 
height from the ground to the observer's 
eye must be added to the height read on 
the instrument. 

In measuring reclining trees or other 
objects, care must be taken not to 
measure the base line from the centre 
of the tree trunk, but from the point on 
the ground perpend icul.ir to the highest 
part of the tree. This point may be 
ascertained by holding a plumb-line 
between the eye and the tree, and 
marking on the ground the place thus 
indicated, as at B, Fig. 372. On finding 
this point perpendicular to the highest 
part of the tree, the observer may pro- 
ceed as in the preceding instructions. 



It will thus be seen that in measuring 
objects not exactly perpendicular, some 
care is necessary in the operation, or the 
measurements will be inaccurate. In 
the case of ascertaining the height of 
an object, as for instance that repre- 
sented in Fig. 372, if the base line were 
measured from the centre of the bole, 
instead of from the point B, the ob- 
served height would be too great. In 
short, if the base line were measured 
from the centre of the bole on the side 
to which the tree is leaning, it would 
give too great a height, and on the 
other hand, if the base line were 
measured on the side the tree is leaning 
from, the height so ascertained would be 
less than the true height of the tree. 

In measuring the height of round or 
flat-topped trees, the observer must 
choose a station sufficiently distant, so 
as to fully see the highest part. If 
viewed too near, as at A in Fig. 373, it 
is impossible for one to ses the highest 
part of tho tree, and the result is that 
the height is greatly increased. There- 
fore, in order to avoid such errors, the 
object should be viewed as far back as 
possible, so as to obtain a view of the 
highest point right over the true per- 
pendicular, or, in the event of- this not 
being possible, the perpendicular anil 
height of some definite point may be 
ascertained as in Fig. 372. 

The height of any part of a tree or 
other object may be ascertained by sub- 
tracting the result of one observation 
from that of another. 

This instrument possesses many ad- 
vantages. It is simple, no calculation 
being required ; the height of any tree 
or other object can be ascertained at 
any convenient distance, and by it the 
height of any portion of a tree, such as 
the height of the trunk, can be ascer- 
tained from one station. It is, more- 
over, light and portable, not its least 
recommendation for an instrument of 
this kind. 
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Abel Powdeb, composition, 66. 
Acacia walking sticks, 398. 
Acid pumps, 301. 

siphon, 306. 

Acidproof cenaent, 13. 

lute, 13. 

Acids, evaporating, 45. 

packing, 262. 

Adams's air bath, 3-1. 
Aei ifilter, 55. 
Air baths, 32. 

exhausting, 414. 

ovens, 32. 

Albumen prints, 112. 

Albums, repairing, 383. 

Alloys capable of elecUic welding, 198. 

■^— eutectic, 76. 

fusible, 76. 

Amide powder, strength, 67. 
Ammonia as a fire extinguisher, 80. 

dynamite, strength, 67. 

Anatomical specimens, casts of, 328. 

Anemometers, 411. 

Angles, measuring, 413. 

Apse walking stidss, 398. 

Ash walking sticks, 399. 

Asp walking sticks, 398. 

Atlas powder, composition, 66. 

—— firing points, 65. 

strength, 67. 

Automatic rapid filter, 58. 

sprinklers, 73. 

Aso battery, 131. 

Bakow Walking Sticks, 399. 
Bamboo walking sticks, 399. 
Barometers, 414. 

camphor, 421. 

cheap, 414. 

cistera, 419. 

cleaning tubes, 416. 

exhausting tubes, 414. 

filling with mercury, 415. 

glycerine, 423. 

portable, 423. 

reading, 426. 

siphon, 417. 

storm glass, 421. 

vernier, 421. 

Batteries, electric, 125. 

for electric welding, 209. 

storage, 185. 

Bay-tree walking sticks, 399. 
Beating gold, 241. 
Beef wood walking sticks, 399. 
Beetle canes, 399. 
BeUite, strength, 67. 
Bells, electric, 162. 
Belting, cement for, 18, 
Bend knot, 372 386. 
5 



Bfuicke's cement, 13. 
Bennett powder, composition, 66. 
Benzene, extinguishing, 80. 
Benzoic acid in food, 274. 
Bemardoe electric wdding, 209. 
Bichromate batteries, 131. 
Binding knot, 372. 
Birch walking sticks, 399. 
Bird's upward filter. 64. 
Bi8h(^*s sprinkler, 76. 
Biunial lantern, 102. 
Black orange walking sticlcs. 402. 

tork walking sticks, 399. 

writing ink, 82. 

Blacksmithing. 248. 
Blackthorn walking sticks, 399. 
Blackwall hitch, 372. 
Block hook, 390. 
Blocks, rope, 377. 
Blue-black writing ink, 82. 

marking ink, 85. 

Boat building, 407. 
Books, cloth bound, 381. 

discoloured cases, 383. 

dog-ears, 382. 

leather bound, 383. 

preserving, 270. 

recasing, 381. 

repairing, 381, 

albums, 383. 

torn cases, 382. 

Boots, waterproofing, 311. 
Boracic acid for keeping fuoii, 'Jtl, 
Bottle cement, 13. 

labels, 4. 

lacquer, 89. 

Bower-Barff iron, 292. 
Bowlhie knot, 370. 
Boxwood walking stick's, 400. 
Brass lacquer, 89. 
Briar root pipes, 361. 

walking sticks, 400. 

Bright's fire alarm, 79. 
Bronzes, 219. t t 

casting, 219, 226. 

works, 220. 

compositions, 229. 

fUmaoe, 229. 

Japanese, 234. 

models, 219. 

moulds, 220, 233. 

patina, 232. 

pickling solutions, 234. 

piece moulding, 221 

pouring, 226. 

shakudo, 234. 

shibu-ichi, 234. 

waste wax process, 221. 

wax models, 224 

Brown's sprinkler, 76. 
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Bmg^ree powder, comptMltloD, 66. 
Badenberg powder, coiDp<Mltlon, 66. 
Buildings, nreproofliig, 6Y. 

River Plate fireproof, 70. 

timber firing withoat flame, 67. 

Banaen bumt^r. wire, II. 
Barritt sprinkler, 76. 

Cabbaob Walkin i Sticks, 400. 
Galdum chloride drying process, 3». 
Camera lacida, 437. 
Camphor barometer, 421. 
Candiying fruit. 277. 
Cap cement, 13. 

Carbodynamite, oomposilion, 66. 
Carbon prints. 111. 
Carbonic acid crate, 263. 

— — for cooling. 19. 

Carbons, electric, 16S. 
Carboy protector, 264. 
Ciirey's sprinlcler, 73. 
Carob walking sticks, 400. 
Carolina ree<ls, 400. 
Carrick bend. 372. 
Casein cement, 13. 
Casting, 243. 

bronzes, 226. 

Catttpnw knot, 370. 

Cautery battery, 132. 

l>«lar w<iod walking sticks, 400. 

Cfments, 13. 

luid proof, 13. 

belting, 18. 

Benicke's, 13. 

bottle, 13. 

cap, 13. 

casein, 13. 

China, Is. 

cutlers', 13. 

Davy's, 18. 

glisa. 13. 

to metal, 13. 

glue, 14, 

Riitta-percha, 17. 

hut-water pipes, 14. 

labels. 15. 

metallic, for stone, 18. 

microscopical, 16. 

rubber, 17. 

to metal, 17. 

stone, 18. 

Soulan'f), 13. 

Centrifugal driers, 41. 

filtering, 63. 

Cf ra perduta bronzes, 221 . 

Cbarroal tobacco pipec, 363. 

Cherry walking sticks, 400. 

Chestnut walking sticks, 400. 

China cement, 18. 

Chloride of aUcium drying process, 38. 

Chlorochromic battery, 153. 

Chromic acid battery, 133. 

Cistern barometer, 419. 

Clamps, wire, 9. 

Clay modelling, 321. 

tobacco pipes, 355. 

Cleaning barometer tubes, 416. 

Clove hitch, 370, 372. 

Colfee walking sticks^ 400. 

Cold drying, 42. 

Colouring magic lantern prints, 119. 



Colouring metal wares, 239. 
Commutators, electric, 164. 
Concentrating by cold, 42. 

heat, 32, 45. 

Concrete floors, TO. 
Condenser, Llebig, 6. 
Congreve's sprinkler, 74. 
Constant water bath, 40. 
Contact printing, 116. 
Cooling, 19. 

by evaporation, 19. 

— — water, 19. 
Copper, corrosion, 283. 

oxide bottery, 143. 

plates, welding, 211. 

protection, 283. 

welding. 240. 

Copying, 22. 

black process, 23. 

blue process, 22. 

chemical methods, 22. 

copper plates, 27. 

dynamo-electric machines, 27. 

galvano-caustics, 27. 

— ink, 83. 

magneto-electric machines, 27. 

— mechanical methods, 2 4. 

mounting drawings, 28. 

nature printing, 27. 

paper, permanently moist, 24. 

phoio-chemlgraphy, 27. 

printing frame, 22. 

type printing, 27. 

typographic blocks, 28. 

zincoiypes, 25. 

O niite, composition, 66. 
Cork puUer, wire, 11. 

walking sticks, 400. 

Corrosion, copper, 283. 

iren, 284. 

lead, 300. 

metal surfieuses, 283. 

silver, 301. 

steel, 284. 

zinc, 301. 

Cotton waste, printing ink from, 86. 
Crab walking sticks, 400. 
Cutlers' cement. 13. 
Cutting diamonds, 1. 

Datb Palm Walking Sticks, 400. 

Davey powder, composition, 66. 

Davy's cement, 18. 

Dawnay's floors, 70. 

Delomy's battery, 134. 

Dendrometers, 430. 

Dennett's floors, 70. 

Desiccating, 32. 

Designolles powder, composition. 66. 

Diamond hitch, 376. 

Diamonds, cutting, 1. 

polishing, 1. 

Dish covers. Japanning, 95. 
Distilled water, preserving, 270. 
Distilling, 42. 

mercury, 42. 

water, 44. 

Dogwood walking sticks, 400. 
Dole powder, composition, 66. 
Dop, 2. 
l>ouble BlackwAll hitch, 372. 
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tkmble sheet bend, 370. 
Doulton-Peto floors, 70. 
l>rag rope knot, 3Y2. 
Drawings, duplicating, 22. 

mounting, 27. 

Draw reef knot, 368. 
Dried plants, keeping, 278. 
Dry batteries, 147. 

plates for magic lanterns, 110. 

Drying, 32. 

agricultural produce, 38. 

air baths, 32. 

calcium diloride, 38. 

cold, 42. 

coldlair machine, 39. 

fruit, 38. 

— — grain, 38. 

hydro extractors, 41. 

mechanically, 41, 

preEB3S, 42. 

tea, 33. 

water ovens, 40. 

Dualine composition, 66. 
Duplicating writings, 22. 
Dynamite, composition, 66. 

firing points, 65. 

strei^th, 67. 

Dynamo-electric machines, 27. 

Ebont Walking Sticks, 401. 
Eggs, packing, 265. 
Electric batteries, 125. 

axo, 131. 

— • bichromate, 131. 

chlorochromic, 163. 

chromic acid, 133. 

copper oxide, 143. 

' Delamy's, 134. 

dry, 147. 

for cautery, 132. 

Friedlander's, 135. 

gas, 136. 

Holtzer, 141. 

Imchenetzki, 142. 

iron, 142. 

Kousroine, 142. 

Lalande-Ghaperon, 143. 

moist, 147. 

pneumatic, 162. 

priming siphon, 148. 

Eadiguefs, 148. 

Kenard's, 151. 

8elb3r*8, 155. 

selenium, 157. 

single fluid, 169. 

Skrivanof, 169. 

Sloane's, 169. 

storage, 186. 

suspending frames, 131. 

Treeby's, 136. 

water, 161. 

Weymerscb, 161. 

wire mesh frames, 138. 

bells, 162. 

carbons, 163. 

commutators, 164. 

connector, wire, 11. 

enei^, 126. 

fire alarms, 79. 

galvanometers, 166. 

graphophone, 182. 



Electric holing, 213. 
-^-Joints, stability, 213. 

lamps, 169. 

light for velocipede, 381. 

lighting, 62, 170. 

cost, 170. 

■ microphones, 174. 

■ transmitter, 19?. , 

motors, making, 176. 

phonogram, 182. 

powder, composition, 66. 

n^lators, 183. 

riveting, 213. 

soldering, 213. 

stbrage, 185. 

telephones, 190. 

transformers, 200. 

welding, 193. 

battery, 209. 

wires, insulating, 215. 

Johiing, 216. 

Emmensite, firing points, 65. 

btrengtb, 67. 

Enamels for metals, 240. 
Encaustic letters, 5. 
Endorsing ink, 87. 
Erhardt powder, composition, 66. 
Etching glass, 317. 

liquid, 6. 

Eucalyptus walking sticks, 401. 
Eutectic alloy, 76. 

Evans and Swain's solid wooden floors, 70. 
Evaporating, 46. 

acids, 45. 

cooling by, 19. 

multiple, 45. 

Exhausting air from tubes, 414. 
Explosives, 66. 

composition, 6«. 

firing points, 65. 

strengths, 65, 67. 

Extinguishing apparatus, 73. 

benzene, 80. 

compounds, 73. 

petroleum, 80. 

Extraction apparatus, 7. 

Fastenivq Labkls ok Metal, 5. 
Figure of eight knot, 368. 
Filter, automatic rapid, 68. 

germicide, 63. 

Johnson's 64, 

Mallie, 65. 

papers, folding, 59. 

i^ulson's, 63. 

porcelain, 65. 

presses, 42. 

pumps, 68. 

support, 67. 

Filtering, 63. 

assisting, 63. 

centrifugal, 63. 

fine precipitates, B2. 

funnels, 62. 

in vacuo, 66, 63. 

laboratory methods, 66. 

media, selecting, 62. 

oxidisable precipitate?, 67. 

paper and linen, 62. 

rapid. 68, 89. 

secrets of; 62. 
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Filtering under pteanre, 63. 
~— Qpwftrds, 63. 

vAeoum pomp for, 56. 59, 63. 

viscid liquors, 56, 63. 

— wster, 63. 
Fire aUnns, 79. 
VlredooTS lo theatres, 78. 
Kireprooflntt 67. 

buildings. 67. 

Cftuses of fires, 68. 

extinguishing compounds and nppara(u^ 

73. 

floors, 69. 

sprinklers, 73. 

textiles, 80. 

theatres, 71. 

timber, 80. 

firing without flame, 67. 

whltewara, 69. 

Fires, causes, 67. 

firom flues, 60. 

oxidised iron, 69. 

plp^ 68. 

Fishermen s bend, 370, 380. 
Fishing nets, making, 3SA. 
Flong. 335, 336. 
Floors, concrete, 70. 

cost, 71. 

fireproof, 69. 

loads^ 71. 

solid wooden, 70. 

weight; 71. 

Folding filter papers, 59. 
Food, preserving, 271. 
Forcite, composition, 66. 

firing points. 65. 

Forge, 348. 

Forgeries, detecting, 87. 
ForUs powder, compositioti, 66. 
Fpundrj, statue, 229. 
Freezing mixtures, 19. 

out water, 42. 

Frledlander's battery, 133. 
Froit candying, 277. 

drier, 38. 

Fullers' teazle walking s'ic'cs. 401. 
Fulminate, mercury, firing points, 69. 
Fulminates, strength, 67. 
Funnels, filtering, 62. 
Furnace, bronzes, 229. 
Furze walking sticlcs, 4 ! . 
Fusible alloys, 76. 

Galvakisiko Iron, 287. 
Galvano-(^austic8, 27. 
Galvanometers, 166. 
Garden labels, 5. 
Gardner's fioors, 70. 
Gas battery, 136. 

lighting, 49. 

liquor astt fire extinguisher, 80. 

GelaUne, camphorated, firing poinis, 65. 

explosive, composition, 66. 

— firing points, 65. 

— struigtli, 67. 

Gelignite, composition, 66. 
Gems, cutting, 1. 

polishing, 1. 

Germicide filter, 53. 

Gesner's rust-proofing process, 297. 

Giant powder, composition, 66. 



QUm, breaking. 313. 

oements, 13. 

cutting, 314. 

drilling, 315. 

etching, 317. 

liquid, 6. 

fastening labels to. G. 

IVostlng, 319. 

labels, 6. 

lacquer, black, 89. 

— powdolng, 320. 

stoppers, fitting, 320. 

to metals, cementing, 13. 

tubes, seaUng, 320. 

writing on, 5. 

Glue, dry, 14. 
Glycerine barometer, 423. 

explosive, strength, 67. 

Gold beating, 241. 

lacquer, 90. 

Goniometers, 413. 

Gorse walking sticks, 401. 

Grain drier, 38. 

Grangier's commutator, 161. 

Graphophone, 182. 

Graphs, 22. 

Green powder, compositiou, 66. 

Grinnell's sprinkler, 75. 

Grove battery, liquor for freezing, 19. 

Gru-gru walking-sticks, 401. 

Guelder rose walking sticks, 401. 

Guncotton, firing points, 65. 

strength, 67. 

Gunpowd^, firing points, 65. 
Guthrie's eutectic alloy, 76. 
Gutta-percha cements, 17. 

Hahjt Fowdrs, Composition. g6. 

Harris sprinkler. 76. 

Harrison's sprinkler, 74. 

Hawser bend, 380. 

Hazel walking sticks, 401. 

Heliography, 23. 

Heliogravure, 25. 

HellbolBte, strength, 67. 

Herbarium q>ecimens, keepin?, 278. 

Hercules powder, compcdtion. 66. 

Holders, wire, 9. 

Holly walking sticks, 401. 

Holtzer battery, 141. 

Homan and Roger's floors, 70. 

Hookah, 365. 

Hornbeam walkhig sticks, 401 . 

Horsley powder, composition. 66. 

Hot-water pipes, cement, 14. 

Hydro-extractors, 41. 

nitro-cellulose, firing points, 65. 

Illuxivatikg Aokktb, 48. 
Imchenetzki battery, 142. 
Indelible ink, 84. 

stamping Ink, 86. 

Indian ink writing on glass, 5. 
Ink, 82. 

action of bleadiing agents on, 87. 

black writing, 82. 

copying, 83. 

-— without presp, 83. 

endorsing, 87. 

eraser, 87. 

- — indelible, 84. 
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Ink, invisible, 84. 

marking, 85. 

pad, 87. 

poly graphic, 86. 

powder, 87. 

printing, S6. 

restoring faded, Si. 

stamping, 86. 

stencil, 85. 

waterproof, 87. 

Insulating cleat, 21G. 

wires, 215. 

Invisible ink, 84. 
Iron battery, 142. 

coating, 288. 

corrosion, 284. 

— — galvanising, 287. 

lacquer, 91. 

lute, 14. 

painting, 287. 

plates, welding, 211. 

protection, 287. 

Jambeb Walkikg Sticks, 401. 
Japanese bronzes, 234. 
— —lacquer, 91. 
Japanning dish covers, 95. 

metal, 92. 

Tonbridge ware, 94. 

trays, 95. 

wood, 94. 

Johnson's filter, 54. 
Joining electric wires, 216. 
Jolin's sprinkler, 77. 
Judson powder, composition, 66. 

Keepino Books, 270. 

distilled water, 270. 

dried plants, 278. 

food, 271. 

tools, 259. 

wood, 283, 

Kiillow and Short powder, composition, 6G. 

Kieselguhr dynamite, firing points, 65. 

Ki'urushi, 91. 

Knots, 368. 

Kousmine battery, 142. 

Kup powder, composition, 66. 

Labels, 4. 

bottle, 4. 

cements, 15. 

— encaustic, 6. 

£9istening on metal, 5. 

garden, 6. 

glass, 5. 

plant, 5. 

vaniish, 5. 

Laboratory apparatus, 6. 

wire, 7. 

filters, 56, 

Lacquers, 89. 

black for glass, 89. 

bottle, 89. 

brass, 89. 

gold, 90. 

iron, 91. 

Japanese, 91. 

steel, 91. 

urushi, 91. 

lialaude-Chaperon battery, 143. 



Lamps, electric, 169. 
Lancewood walking sticks, 401. 
Lannoy powder, composition, 66. 
Lantern pictures, making, 108. 
Lanterns, magic, 95. 
Lapidaries' work, 1. 
Laudy's copying process, 23. 
Laurier tbyn walking sticks, 399. 
Lawn tennis nets, making, 392. 

mending, 395. 

Lead, corrosion, 300. 

protection, 300. 

Leonard sprinkler, 78. 
Letters, encaustic, 5. 
Library insects, 270. 
Liebig condenser, 6. 
Lighting agents, 48. 

burners, 50. 

cost, 48. 

economics, 52. 

— — electric, 52, 170. 

gas, 49. 

magnesium, 51. 

— petroleum, 48. 

theatres, 72. 

water gas, 51. 

Lime bisulphite in food, 274. 

light. 102. 

Lindsay's floors, 70. 
Lorrain's fire alarm, 70. 
Loya canes, 402. 
Lutes, 13. 

acid proof, 13. 

capi 13. 

iron, 14. 

Maccabot's Sprinkler, 74. 
Magic lanterns, 95. 

albumen prints, 112. 

biunial, 102. 

caibon prints, ill. 

carrier for slides, 101. 

cheap, 95.' 

colouring prints, 119. 

contact prlnthig, 116. 

gelatine plate, 95. 

lever slide, 119. 

lights, 102. 

pentaphane, 99. 

portable, 97. 

printing firame, 1C6. 

Pumphrey's vaporiser, 103, 

reflecting, 95. 

slides, 106. 

shape, 107. 

size, 107. 
making, 108. 

mounting, 107. 

wonder camera, 96. 

Woodburytypes, 1 1 1. 

Magnesium lamps, 51. 

Magneto-electric machines, 27. 

Malacca cones, 402. 

MalUe filter, 55. 

Maple walking sticks, 402. 

Marking ink, 85. 

Measuring angles. 413. 

height of trees, 430. 

Medlar walking sticks, 402. 
Meerschaum pipes, 363. 
Meganitc, composition, 66. 
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IfoliDito, ■krangth, 67. 

Mercniy ftilminate^ firing potnto, 66. 

strength, SI. 

parUying, 42. 

stUlB, 12. 

Mesh pefipi, netting, 384. 

Metal snrfiMet, oonoeton and protection, 283. 

warei, colouring, 239. 

work, 219. 

Metals capable of electric welding, 198. 

enamels, 240. 

l!utenlng labels to, 5 S. 

Japanning, 92. 

writing on, 6. 

Meteer, 4. 

Mica powder, composition, 66. 

Microphones, 174. 

_ transmitter, 192. 

Microscope cement, 16. 

stand, wire, li. 

Midgen walking sticks, 402. 
Modelling, 321. 

clay, 321. 

— - stand, 321. 

tools, 322. 

wax, 825. 

Moist batteries, 147. 
Moknylkl, 91. 
Motors, electric. 176. 
Moulders' tools, 243. 
Mbnldlng, 243. 

sand, 243. 

Monlds, bronxe, 220, 233. 
Moontain ash walking sticks, 402. 

bay walking sticks, 402. 

Mounting drawings, 28. 

magic-lantern slides, 107. 

Mousing a boolc, 380. 

Multiple evaporation, 4S. 

Musiod Instruments, home-made, 262. 

Myall wood walldng sticks, 402. 

Myrtle walking sticks, 402. 

Kaka Canes, 402. 
Natural ol^ts, casts of; 328. 
Nature printing, 27. 
Netting, 384. 

Every li system, 390. 

mending, 396. 

needles, 384. 

pegs, 384. 

shales, 385. 

— — spools, 384. 

square meshed, 393. 

Neumeyer powder, composition, 66. 
Nitro-glycerine, firing points, 65. 
' strength, 67. 
Nobel's powder, strength, 67. 

Oak Wajjosq Sticks, 402. 

Oil lighting, 48. 

Olive walldng sticks. 402. 

Orange walking sticks, 402. 

Ovens, air, 32. 

Oxland powder, composition, 66. 

Oxonite, strength, 67. 

Oxy-caldum lamp, 102. 

Ozy-hydrogen lamp, 102. 

— *- light, 73. 

Packiko. 262. 
acids, 262. 



Packing eggs, 265. 
Pack-saddle knot, 375. 
-Pad ink, 87. 
Painting iron, 287. 

lantern slides, 119. 

Palmyra walldng sticks, 402. 
Paraffin lighting, 48. 
Parcels, tying« 374. 
Parmelf^'s sprinkler, 74. 
Partridge canes, 402. 

wood walking sticks 403. 

Paste, 337. 

Patina on bnmte, 232. 

Paulson's filter, 53. 

Penang lawyer canes, 403. 

Peotaphane lamp, 99. 

Percolation, 269. 

Percolator, water bath, and still, 12. 

Perkins's ooolfaig apparatus, 20. 

Petroleum* extinguishing, 80. 

lighting, 48. 

Phonogram, 182. 
Photodiemigrapby, 27. 
Photograph albums, repairing, 383. 
Photographic plaster casts, 329. 
Photographs, magic lantern, 108. 
Pickling bronzes, 234. 
Picric powder, firing points, 65. 
Pictet's freezing liquor, 19. 
Pimento walking sticks, 403. 
Pinchcock, wire, 9. 
Pipe-makers' oven, 356. 
— ^ moulders' table, 358, 

tools, 367. 

Pipes, coating, 288. 

hot-water, cement, 14. 

Plant labels, 5. 
Plants, preserving, 278. 
Plaster casting, 325. 

casts, enlarging, 332. 

— hardening, 331. 

reducing, 332. 

that will wash, 330. 

Plates, welding, 211. 
Pneumatic battery, 152. 
Poitevin's copying process, 23. 
Polishli^ diamonds. 1. 
Pol^raphic ink, 86. 
Pomegranate walking sticks, 403. 
Porcelain filter, 55. 
Pouring bronze, 226. 
Precipitate filter, 67. 62. 
Preserving books, 270. 

food, 271. 

plants, 278. 

wood, 283. 

Presses, drying, 42. 
Printing ink, 86. 
Prints, copying, 22. 
Protection, copper, 283. 

Iron, 287. 

lead, 300. 

metal surfaces, 283. 

silver, 301. 

steel, 287. 

zinc, 301. 

Pumphrey's vaporiser, 103. 
Pumps, acid, 301. 

filter. 58. 

substitutes, 302. 

water, 302. 
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Pyrolite composition. M. 
Pyronome, oompositiou, 66. 

QUADBUPLE Evaporation, 45. 

Baokarock, Composition, 66. 

streugth. 67. 

Badignet's battery, 148. 
Bajah caues. 4<i8. 
Battan caues, 403. 
Beef-U'>t. Sd8. 
Benard's buttery, 151. 
Bend rock, i-ouipusition, 66. 
Betort Htauu. wire. 9. 
Biver Plate houses, 70. 
Bobarite. composition. 66. 
Boche's Ci>pyiug process, 22. 
Boiiiug beud. 380^ 
Bopes, haws^ r laid 879. 
—— moiisiug a hook* 380. 

siz s, 368. 

storing, 368. 

str* 'gth 368.378. 

tackle. 377. 

tyin>< and splicing, 368. 

whippin»{, 37i'. 

Bou^rlitou's sprinkler, 74. 
B ibber cements, 17. 

1 ) metal, cementing, 17. 

waterproofs,- 811. " 

Running bowline, 370. 
Busdng iron. 284. 
Bast preventives, 259. 

removers, 26 •. 

Buthenbarg sprinkler, 76. 

Sacuhabine Solutions, Gold Congentba- 

TION. 4i. 

Safety valve for extraction apparatus, 7 

Salicylic acid in food. 274. 

Saline solutions, cold concentration, 42. 

Sul imon's commutator, 161. 

Saxilragine, composition 66. 

Schwartz powder, composiUon, 66. 

Selby's battery, 166. 

Selenium battery, 167. 

Selvagee, 879. 

Sen -< it i sing paper, 23. 

solutions, 23. 

Sesbime-urushi, 94. 
Shabuuo, '^34. 
Shales, netting, 886. 
Sheepshank. 370. 
Sheet bend, 368, 372. 
Shibu-iohi, 284. 
Sh >rt splicing, 374. 
Silver, corrosion. 301. 

lulminate. strength, 67. 

prote* tion. 3- 1. 

Single fluid battery, 

sheet bend. 368. 

Siphon barometer, 417. 
Siphons, 3 5. 

acid. 3o6. 

lor batteries. 148. 

intermittent. 3 8. 

— ^permanent 3l5. 
'— primed by blowing, 806, 
— — self priuiint; 3u7. 
Skrivanof battery, 169. 
Skyl, 4. 



Sl'>anti's air bath 32. 

battery, 159. 

Smirke's sprinkler. 77. 

Smith's C' atiij^ for iron pipes, 288. 

Smiths' tools, 248. 

work, 248. 

Snakewood walking sticks, 408. 
Snyder's st ck. 2. 
Solder, Grlnucl's. 76. 
Soldering elet trie. 213. 

8terM»tjp«-s. 850. 

Hoiilan's cement. 13. 

Spence powder, compositions. 66. 

Sp.icing. 874. 

Spools, netting, 384. 

Sprinklers, automatic, 78. 

Stamping ink 86. 

Stiuds. wire, 9. 

Statue touLdry, 229. 

Steel, cor onion, 284. 

laoquer. 91. 

— l»ro*ectiou, 287. 
StencU ink, 85. 
.->tereotyp]i g 332. 

— beating brush, 341. 

Furiace, 389. 

cistiug bf'X, 342. 

turved plates; 351. 

diying press. 340. 

early method, 332. 

floug, 83:». 336. 

gHUgtS 343. 

luetal. 344. 

paste, 837. 

principles, 835. 

soldeiiug, 350. 

- trimming plates, 346. 
Still, wat^r bath, and percolator, 12* 
!jt>ue crment, 18. 
stoppers, fitting, 320. 
St irage batteries. 185. 
Storing acids, 262. 

— eggs. 265. 
Storm glass. 421. 
Sulphurous acid in food, 274. 
Switchboard, 190. 

Tackle. 377. 

Taps, 366. 

Tarring iron, 295. 

Tea drier. 38. 

Teazle walking sticks, 40l« 

Telephones. 190. 

switchboard, 190. 

Tennis nets.maldng, 892. 

mending. 396. 

Test-tube hoider, wir6, 9. 

— stand, wire, 11. 

Textiles, fireproofing. 80. ' 
Theatres, firedoors, 78. 
fireproofing, 71. 

ligiitiog. 72. 

oxy-hydrogen light, 78, 

pyrotechnics in, 72. 

scenery, 72. 

Shaw's curtain, 71. 

— structural precautions, 71. 

— wasb for woodwork, 72. 
Thistle walking sticks, 408. 
Thomson's tap, 867. 

welding apparatus, 21. 
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Thiimb.knot. 868. 
Timber, flrepmufinff. 80. 

firinif withoQt fUme. AT. . 

bitth, 870. 

luOsiiubuBtlble. 81. 

preiervlng. 383. 

Tin. lAstening ]*bela to, 6. 
Tubftooo pipes. 8fi6. 
To&bridge ware, japaiu.ini, 94. 
TiingB, wire. 9. 
Touite, oompoflitioii, 6C. 

ttrengtb, 67. 

Tonqnin oanes, 4(8. 
Tools, keeping. 269. 
Tracings, monutiug, 27. 
Trausformers, electric, yo. 
Transparencies, printing. 106. 
Trays, japauninff, 96. 
Treeby's gas battery, 186. 
Trees, measuring height, 480. 
Tripod stand, wire. 9. 
Tubes, sealing, 820. 
Tweezers, wire, 9. 
Type printing, 27. 
Tying, 868. 

bundles, 875. 

parcels, 874. 

Typographic blocks, 28. 

Upsbttxno xbon, 256. 
Upward lUtration, 63. 
Urushi. 91. 

Vacuum Filter. 66 68. 

pump for filtering. 56, 59, 63. 

Yarnitth, label. 0. 

yelooii>ede, bent backbone, 880. 

crank, 880. 

bandle-bar, 380. 

buckled wheel, 880. 

electric li^ht ior, 381. 



Victor spriukler. 77, 78. 
Viscid llquurs. filtering, 56, 63. 
Volney's powder, strength, 67. * 
Vouge's gelatiue, explosive strength, 67. 
Vulcan powder, composition, 66. 
Vynaud powder, composition. 66. 

Walking Sticks, 397. 

materials, 397. 

preparing. 403. 

staining, 406. 

yarnishing, 406. 

Walworth's sprinkler, 76. 
Wash-bottle. 12. 
Waste- wax br«>nze rasting, 221. 
Water bath, constant, 40. 

percolator, and still, 12. 

battery, 161. 

cooling, 19. 

distUling. 44. 

^— filtering, 58. 

gas, 61. 

— ovens, 40, 

pumps, 302. 

raising, 302. 



Water removing by calcium chloride, 88. 

by centrifugal machines, 41. 

by cold, 42. 

by heat. 82. 45. 

by presses, 42. 

Waterprouf ink. 87. 
Waterproofing boots, 811. 

rubber. 811. 

Wax compositions for models, 224. 

— mudelliug, 826. 
Weavers* knot, 872, 886. 
Weights, wire, 11. 
Welding bars, 218. 
—— copper, 2^ . 

plates, 211. 

electric, 198. 

— - iron plates, 211. 

metals to each other, 218. 

Weymersch battery, 161. 

Whangee caue^, 408. 

Whin walking sticks. 401. 

Whipping a rope, 870. 

Whittf powder, composition, 66. 

Whitethorn walking sticks, 408. 

Whitewash, fireproof, 69, 

Whiting's sprinkler. 74. 

Whittaker's copying apparatus^ 22. 

Wilkinson's floors, 7u. 

Wire api^aratus fqr laboratory, 7. 

Buusen burner, 11. 

^— clamps, 9. 

cork I uller, U. 

electrical connector, 11. 

— — microscope stand, 11. 

pinchcock, 9. 

^— retort stand, 9. 

rope, splicing, 874. 

test tube holder, 9, 

stand, 11. 

toiig^, 9. 

tripod stand, 9. 

twetzets, 9. 

-a — weights, 11. 
Wires, insulating, 216. 

jolniuK. 216. 

Wonuer camera, 96. 
Wood, fireproofiug, 80. 

firing without flame, 67. 

incombustible, 81. 

japanning, 94. 

preserving, 288. 

Woodburytypes, 111. 
Wooden, solid, floors, 70. 
Writing, detecting forged, 87. 

ink, black. 82. 

blue-black, 82. 

on glass, 6. 

on m<«tals. 6. 

Writings, duplicating, 22. 

Zn7C, COBBOfllON, 801. 

fastening labels to, 6. 

— protection, 801. 
Zincotypes, 26. 

Zirracote walking sttoks, 408, 
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